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Confidentiality 



► Created and developed by and for IFP Training 

► These data and this document are confidential, used in a conventional 
context, for educational purposes only and they cannot be shown outside IFP 
Training's sessions. 

► The databank used in the case studies was extracted from real field cases. 

► For educational matters, the model built with this data subset is a simplified 
one, but calls for the same methods and workflow as for the complete study. 

► The results cannot be the same as in the real case. 

► These data are used to illustrate reservoir characterization and modeling 
workflow steps. They were made up (both coordinates and depths were 
changed) to meet educational purposes. 

► These data were given under a non-disclosure agreement between the 
participant's company and IFP Training. 
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Software tools 


► Modeling: 

• Petrel® 2015.2 

► Rock typing: 

• EosyTroce® 2015.2 
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Alwyn field case study - Summary 


► 1 - Introduction 

• General context and geological setting 

► 2 - From field to grid (Petrel®) 

• Petrel working environment- [2A] 

• Getting started with Petrel ® - [2B ] 

• Alwyn static model architecture - [2C] 

• Structural characterization 

• Structural modeling 

• Stratigraphic characterization 

• Stratigraphic modeling 

► 3 - Rock Typing (EasyTrace®) 

• Tutorial - [3A] 

• Getting started with EasyTrace ® 

• HOP objectives 

• Hands-on practice - [3B] 

• Non-supervised approach 

• Supervised approach 

• Petrophysical calibration 


Slide 13 

Slide 23 


Slide 135 
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Alwyn field case study - Summary 


► 4 - Properties modeling (Petrel®) Slide 209 

• Sedimentological modeling 

• Rock type modeling 

• Facies modeling 

• Petrophysical modeling 

• Fluid modeling and volumetries 

• Towards flow simulation (upscaling) 

► Appendix Slide 223 

• Petrel basic functions - Toolbox 

• Hands-on handouts 

• Structural characterization - [HOP #1] 

• Stratigraphic characterization - [HOP #2] 

• Sedimentological characterization - [HOP #3] 
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Location map 




North sea license blocks 



Map of the British mining licenses 


► Block 3/9 location 

• East of Shetland islands 

• West of Norway 

► Joint venture partners 

• TOTAL OIL MARINE (operator) 

• ELF UK (partner) 
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Regional lithostratigraphy 


L .SHETLAND 


CRETACEOUS 

L 

E , 

JURASSIC 

L I 
M ] 

E . 



TRIASSIC 

L j 

IT j 

E : 

PERMIAN 

CARB. 1 DEVON, j 

E. PALAEOZOIC 1 



Alwyn field E&P story 


► Exploration 

• 1965: Lease granted to Elf/Total 
(offshore UK) 

• 1972-1973: First shows 

• 1975: Discovery on block 3/9 (well 3/9 
A6) 

• Oil in Brent 

• Gas in Statfjord 

• 1976: Confirmation by 4 other wells 

• 1979-1980: 2D seismic acquisition 

• 1980: 3D seismic acquisition 

• 1982: Reserves evaluation 

• 29 Oct. 1982: Agreement from UK 
Government 


► Development 

• 1983: Development start 

• 1985: "First oil" (production start) 

• 1996: New 3D seismic acquisition 

• 2009: Production = 130,000 bpd of oil 

• 2013: Still producing 
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Geological history & Petroleum system 



► Mid Jurassic: New extensional phase 

• Fault reactivation 

• Brent fm deposition 

► Upper-Jurassic: 

• Callovo-Oxfordian: tectonic activity increase 

• Faulted block tilting 

• Heather fm deposition (syn-rift) 

4 Main seal of petroleum system 

• Kimmeridgian: Callovian tectonic continuation 

• Kimmeridge clay deposition (syn-rift) 

Main source rock of North sea fields 

► Lower Jurassic: Quiet tectonic 

• Dunlin shale deposition 

► Permo-Triassic: West-East extension 

• N-S and W-E faulting 

• Eastward basin subsidence 

• Statfjord fm deposition 
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Location map 


► 13 wells with available data 

• 7 exploration wells 

• A1 - A2 - A3 - A4 - A5 - A6 - A9 

• All logged 

• 6 development wells 

• N1-N2-N3-N9-N14-N18 

• All cored and logged 

• Core images on well N 2 

► 2D seismic lines 



Continue with Petrel... 
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Chapter 2 - Summary 

► From field to grid (Petrel®) 

• Petrel® modeling toolbox - [2A ] 

• Getting started with Petrel ® 

• Project data loading - [2B] 

• Best advices 

• Data loading 

• Alwyn static model architecture - [2C] 

• Structural characterization 

• Structural modeling 

• Stratigraphic characterization 

• Stratigraphic modeling 
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Petrel® working 
environment 

Open "Empty frame" project 
Part 2 A 


The contextual Ribbon interface 


Home ribbon 


Tools and process for each step (Stratigraphy/Structural modeling Property modeling...) 



Stratigraphy Swm( Interpretation Petroleum Systems Decision Support Structural Modeling Property Modeling Fracture Modeling Production We* Design 3D * 


Petrel E&P Software Platform 2015 ■ [New project! 


Stratigraphy ribbon 



Petrel E&P Software Platform 2015 - [New project! 


Petroleum Systems 
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Structural modeling ribbon 



Petrel E&P Softwgr^lgjtoiTTi^OlS - [New projed) 
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Property modeling ribbon 
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Most used icons 





Fr^cturr M'odrtirwf Rrodudwn, Wrf E>V»gr 


Tools and functions Toolbar on tjie top of « Display window_» 
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^ Go home 4^ ^ 

Ti Set home < S$^' 
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© View ff^m above 
© View from beiow 
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© View from east 
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^ Keep focus 
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Interface set up 



1. MENU bar 


Ribbon 



EXPLORER 

panels 



pkey = arrow (pick) 


vkey = hand (view) 
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Explorer panel 


|& 


iT'Inpu 


^ E 1 Seismic 1 
■' 01 Vintages 

Merp survey inclusion fitters 
j * @ Interpretation folder 1 

0 30 inte/p inclusion filters 
@ 0 Surface_8CUJ 
* 4A © Wells 
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tj/obai completions 
Global observed data 
0 Welt attributes 
E: Well filters 

fg Saved searches 
■' i 0 A1 
tt © WelLTops 
IT** Completion op erations 


Setting for vizualisation panel 

(2D Well section/3D Window/Maps/Histograms..) 


Volume calculation results 


Input [ *& Cases 35 Templates 
idols 


Windows 


0 Cursor tracking 

Ffj] i^l 31) window 1 [Any] 


Compass 


0 Sticky cursor 
1/ □ Axis 
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Templates proposed for each kind of data 
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Select models (STOOlP/Faults/Net-to-Gross/Facies) 


Models [ jfr Results Workflo 
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Use defined workflows 
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Tips 




Kf tfci | ™ Q >! 


- e 

|yj Save project 

Ep| System settings . . . H 

^ Save project ^ , , . 

|^p| System info L 

b Open project . . . 

Free memory 

[j%| Hew project 

H •’ 

[P^. Project setup > 

Petroleum system settings 

p* Project tools ► 


[jffll Options > 


Lffil System ► 


[S) Print... 


License modules 


@ Help * 


H Links > 


© Ejjt 


Warning : prevent Petrel from crashing! To re-organize all the windows 

File "System" -> "Free memory" File -> "Project tools" "Reset layout" 
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Project organization 


► Manage data the same way as on Windows explorer 

► To insert folder in tree 

• Right click in the input window 

• Select "Insert folder in tree..." 

• Rename it 

• Drag and drop data 


X Delete all objects 

Import (on tree),,. CTRL*! 
^d ^nsert folder i n tree^ 

*** Collapse all icons (recursive) 
■^0 Expand all icons (recursive} 


Rename folder: Press F2 key 
Use button to get help 



Best advice and useful tips 


► Classify uploaded data (".las", ".ascii", ".dev"...) in a "databank" folder; close 
the "model" folder 

• Optimize data loading 

• Back-up in case of problem 

► Save the intermediate model at each modeling step 

• Helps for reporting and for presentations 

• Write a short document to explain each step of the upgraded model 

• Good tool for the team: improves workflow understanding 

► Use tutorial videos to visualize the adequate manipulations and to better 
understand the workflow sequencing 
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Inventory of available data 



► Format ZGY 

• Seismic data 

► Format Ascii 

• Surfaces from seismic (interpreted) 

• BCU 

• Dunlin 

• Polygons 

• Boundaries 

• BCU 

• Dunlin 

• Faults 

• Well data 

• Headers, deviations, logs, tops 
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Data import steps 



1. New Project 

2. Coordinates and projection system 

3. Seismic data 

• 2D lines 

4. Well headers 

5. Well trajectories (deviation paths) 

6. Well tops 

7. Well logs 

8. Fault sticks 

9. Fault polygons 

10. Boundary polygons 

11. TWT grid points 
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In a new project - Open a 3D window 
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Coordinates and projection system 


• Select File Project Setup Project Settings 

• Click on the button "Select" (A) 
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Coordinates and projection system 



• In the filter write "31N" (A) 

• Select WGS_1984_UTM_Zone_31N 

• OK (C) 
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2D seismic data from SEG-Y file - Seismic profiles 

• Activate the Input window (Survey 1) 

• Right click -> Import file (on selection) (A) 

• Select the adequate load format in the list: SEG-Y seismic data 

• Select the files to import: 2D_inline-1858.segy / 2D_inline-2638.segy 

• OK for All (B) and OK (C) 



Ef^ Input 


- ¥ 

X 

* k? Sehsmic, 



B 

Vintages 




tnterp survey inclusion fitters 


Interpretation [older 1 


*r 

3D tnleip mdustefi fitters 

ft 

Seismic Horizon 1 



Survey 1 



tU 

2DjW.rte-l&58 


0 

2D_7Ui(io-5638 



a N»wi 

E“ : 'lirkV»ite[< 


“Impt 


r-,i 


J 3 fcitpand 

A 

rd 




\ 





f triptil [ft Cosos Tcmpfate* 


Emplacements 

recents 


3 

flibliotfwques 


^□_SninuC.Oatk 


Nam 

ZDJUiiw ZGIBLsegy 


Load format: 
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Coordinate refeiene b system (CHS) 

Project CRS WGSJ SW.UTM^arw., 11 N {EPSG,3263t] 

Fite CHS- W03_t98*_<j™LZ«_^1 N (EP$G,3263 

OtwCAS 


Coordinate reference system informatio 


Resulting date range (approx \ 

X range- 43frjEflQ0 

Vitftj* 673617000 

Z« up: -100200 
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Well data from ascii file - Well headers 



Import Tile 
RngariUi Cans i W*4_DaG 
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Load format: 


15/11/2612 «:12 
15/11/2012 08:12 
21/02/2012 17;55 
OtfU/2011 1 AM 
06/12/2011 12.-41 


Activate the Input window 
Right click -> Import file 

Select the adequate load format in the list: Well heads 
Select the file to import: 01_Well_Headers.asc 


Well heads (*.*) (ASCII file) 
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CoD'dinaLe reference system {CRS) 

Project CRS WGS J3S4_UTM^Zone_;il N [EFSG.30631J 

Fite CRS ^J6sl 19W - irrH.Zone_3TN [EP5G32^ 
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Well heads - Quality control 
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In Petrel software. Offset stands for KB 

• Right click on the "well" icon in the "Input" window 

• Open the "Well manager" to QC the import 

• Check X, Y and Well datum value (= KB) and TD (MD) columns 
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Well data from ascii file - Well trajectories 
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Well data from ascii file - Well trajectories 


■ Well trajectory 

• Unselect Wells (A) 

• Select " Deviation md_incl_azim 1" for each well (B) 
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Well data from ascii file - Well trajectories 



■ Choose well trajectory 

• Select the first well and right click on "Settings" (A) 

• Choose Definitive survey "Deviation md_incl_azim 1" and apply (B) 

• Redo for each well or use the short cut on next slide 
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Well data from ascii file - Well trajectories 


■ Choose and clean well trajectories 

• Right click on the well trajectory to assign as definitive trajectory (A) 

• Delete the other trajectory (B) 

• Select the well to display it with the good trajectory (C) 
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& Edit gtiptwl color table 
Cptof legend; 

A Qjflete..- 
§ Calculator 
T Zoom to object 
LI Set surv^ as rfefinrtrve 

IS Traject&fy ipreasjh«t 


» 9 



9 
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Well trajectories - Quality control 




* aa 


Sratigrxphy 


a n 


Swmic lAt-ffrprfd 


B 'w z 


Perspective Tool Inspector Plexors Yauef Wri 

* palttt* * Wf*rr i*> 


^ itl krte/p survaymduvo/tft 

4 V Intoriwetataon folder 1 

^ S JD v* rp incteiim 

Semmc honeon t 
r it Surrvt 1 

flj 20_LH**iS&a 

ffj 20_Xnro-2S3S 
1 T L K . 

EjeLEmga 


J LV trnpon (on aelacuon) . 
t*pon object 
i ; fi Q*(ew. . 

§-j ^ ff De*et* comem . , . 
Calculator 



i „ 

.. rv 

I ® AE Log attribute! 

[- s*-i new. (elder 
! ffiUj * toiifne [r«ufs«*f 
* f Expand (iKwswe] 
^ Zoom to object 
^ Urniti Is | § [ sort by names 
£ Ajw color al 


Well manager 

Vi Mr th^wellm 


5 Airtonem+efl 
1 New well 

Jft Move tvrili mide boundary 
^ Cr*i> intersection 
IV Export al welli in( 0 !der 

6 Export *■ leap *i Wdtr 
Cwwart to polygon* 

L Upgrade (one*i will mod*l 

annotationii tpreaOrh«t . . . 



• Right click on the "well" icon in the "Input" window 

• Open the "Well manager" to QC the import 

• Check "TD (TVDSS)" "TD (MD)" and "Max inc" columns 
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Well data from ascii file - Well tops 


■ Well tops 

• Edit ascii file to check the format - (A) 

• Import file using Petrel well tops (ASCII) - (B) 

• Unselect "Negate values" to convert Depth and Time values (C) 







No need to "negate Z and Time values" as 
Z are already negative values, and Time 
already positives values 



Well markers - Quality control 



Input 


O Q Oe viaHon md met 3zim 7 

'ttaGEBMjEETTT 

* A ® ASntwtes L* 

Zi O 2 [3 Sersd * !| to Studio 

t j O TWT pic. g| Retrieve ell fr&m 5iud>c 
ti o TWT aut “ 

T O Geoktgn ^’* tl t5ps P* eference 

mcJ 0 MO Subscribe 

B O Swfot* Import fon ifHectfln) . , . 


|0 Wtff 


Report object 


B O totwproti 
ft o Cenktefi & Ml* 9'ob* 1 color tabfe 
& o £jp wgii 


& Q Dtpaztm A 

G Musing ^ 
MO TVTxfh ™ 
UQ TSTlOfh 

OfcO 0bt«rv8 

50 


§ 

v. 


^ ln P ut I S ^ 

¥ Models H 


£pk>r legend 
Edfltf . , , 

Calculator 
Sprgadshee; 

Collapse (recursn 
Expand {recursive) 

Zoom to object 
Zone spr eadsheet 
EnserVupdate rone log 
Synchroriije yreh s/mpols 
Syndlrortiie MO't 
SynchroniieXVTs 
Insert mew attribute 
Create well top depth range 
fiH Recalcu late ages 


tl 

f 

f 

f 


■ Well_Tops.asc QC 

• Right click -> Spreadsheet (A) 

• Check "TD (TVDSS)", "TD (MD)" and "Max Inc " columns 



M Well too spreadsheet for '03 Well Toos.ase" 





m 











ElWCMWt 

hone 

■ EU 

Fdtonng \j] IQFFJ [%] j 

as 


Well 

Ideirtlfter 

Surface 

X 

¥ 

z 

MD 

TWT 

picked 

TWT ante 

tiienlfKjkJI age 

l* 


’ 2 AT 

ECU 

439399 31 

i 8742203 39 

3976 23 

3104 80 

2641 00 

2641 00 




1 At 

BRENT 

429393 34 

6742204 12 

■319561 

3223 38 






3 A1 

NESS 

429398 71 

3742206 10 

3256 62 

3264 41 






ti At 

NESS 1 

429393 53 

8742207 28 

■3297 70 

3325 50 




H 


4 AT 

ETIVE 

429393 92 

6742212 59 

-3436.59 

3464 50 




zj 1 


5 AT 

DUNLIN 

429400 34 

6742214 45 

-3462 50 

3510*6 

2673 00; 

2873O0 




a A3 

ecu 

431631 31 

A740T5J 36 

-3 1 22 75 

3151 00 

2870 00 

3670 OO 




7 AS 

BRENT 

431534 23 

8740159.25 

■3174 73 

320310 






9 A2 

NESS 

431589 Tl 

8740161.09 

-3258 77 

3279 32 






12 A 2 

NESS 1 

431592 12 

6740181 72 

329234 

3321 00 






10 A 2 

ETIVE 

431 599 79 

6740163 84 

-3393 41 

3424 33 






H A2 

DUNLIN 

431393 2? 

674018477 
6736307 82 

-3440 3$ 

3469 40 

2646 « 

2646 00 




13 A3 

BRENT 

43097316 

8736307 82 

■312698 

3155 90 

— 





15 A3 

NESS 

430976 16 

6736307 82 

3207 13 

3234 1 3 






10 A3 

NESS. 1 

430978 18 

6736307 82 

-3246 00 

327500 






10 A3 

ETIVE 

430976 16 

8736307 32 

-3335 58 

3362 53 






17 A3 

DUNLIN 

430976 16 

8736307 82 

SMB 47 

3415 47 

2812 00' 

2812 00 




20 M 

ecu 

431282 83 

6742432 22 

3117 05 

3142,00 

2685.00 

2665 00 




15 A4 

21 A4 

BRENT 

NESS 

43128343 

431285 90 

8742433.03 

8742435 40 

■3137 89 

3202 00 

3182 B6 

3227 07 






24 M 

NESS 1 

431233 49 

6742437 38 

324682 

327400! 





22 M 

ETIVE 

431295 44 

0742443,07 

-3777 ?4 

7797 75 







; M14M 

ftri 



1 4*4A NV 





* * 1 

Hi 







i 


U»m®*emod All None U« ifnJetrttuwpr 

All Nana 

Sync well symbol 

[/top* 

* £K ][ * Cental 










A 
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Well tops from ascii files - Display well tops 




Well data from ascii file - Well logs 





Ifflj oo\ ^ smopuiAA [ J *inonen ™Hu«r,«d p i 


Jffg - Quality control 



Fie 1 Me "is 1 

Stratigraphy 

Seismic lrite 

— 1 

Si 

a 

« 

a 


z 

Perspective 

Tool 

palette 

Inspector 

Players 

Visual 

fiften 

Wn 

lay 


• fgj] |*i Seismic 

S3® Wn&gef 

^0 Intorp survey indusiofi Sf 

* B Inlurprijlyliuh loldt'f 1 

3Qimrp mcfutiarf&r. 

Seismic horizon 1 

* & Survey 1 

CC? iD_hline'185S 
(0 ?D_Xline 2633 

* y,l tv . 

g. Settirngj 

Subscribe 

; s 

>1 

; * 

A 



A Select "well log" to visualize the log table 



Well manager 


•v 

u. 

*0 * 

m v 

SS ; 

I @ A 
! 0^ 
10* 

I 0* 
I 0* 

0 a 

J Jwl A 




E~ Input 

^Models 


Import {on potation} - , 
£?tpoft object 
Ifcelele - . . 

D*le 5 * content . , . 
Calculator 
Welt manage* 

Log attributes 
Insen. new bolder 
Collapse (recursive} 
Expand (recursive) 
Zoom to Object 
Son by names 
Auto color all 
Auto name aU 
New well 

M we wells ms*de boun 
Create intersection 
Ewpon. all wells m folder 
Export all logs in folder 
Convert to polygons | 
Upgrade to new well m 
Weil annotations sprtaj 


j](Mftji®: * i»j b • ] Bi <£>■ 


» » ■ 


[Default atinbuies 
User at! n bu tes 
Check shots 


1 

m 

AT 


Yes 

Jr Well !ru-f 



Yes 

No 

No 

2 

0 

A2 


Ye* 

— 




Yes 

No 

No 

3 

m 

A3 


Yes 

wen completions 



Yes 

No 

No 

4 

m 

A4 


Yes 

Original CRS 



Yes 

No 

No 

5 

s 

A5 


Yes 

TrMTftH frrthn 



Yes 

No 

No 

6 

m_ , 

AS 


Yes 





Yes 

No 

No 

7 

E 

AS 


Yes 

Last edited 



Yes 

No 

No 

a m 

N1 


Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

9 

m 

M2 


Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

10 

m 

M3 


No 

Yes 

Yes 

Yes 

Yes 

Yes 

11 

E3 

M9 


NO 

Yes 

Yes 

Yes 

Yes 

Yes 

12 

m 

Ml 4 


No 

Yes 

Yes 

Y« 

Yes 

Yea 

13 

0 

Ml 3 


No 

Yes 

Yes 

Yes 

Y °5r 

Yes 


T = 


0 


Computed logs 


Edd points * | v Reposiiwn Hell tops, checkshets and trace \J Repostem fogs and spmpfo&ong □ 


• Right click on the "well" icon in the "Input" window 

• Open the "Well manager" to QC the import IFPTraining 


Fault sticks from ascii files 


1. Edit ascii file to check the format 

2. Load all the files into Petrel 

3. Adjust the format 



□ Fnulil - WnrdPod 

Bchier Ediiion Aftehoge 

insertion 

Form At 2 

Oafy S! 3 l M 

A 



[429930. 
429908. 
42854G . 
430591. 
420295. 
429337. 
426039. 
428057. 
427592 . 
427599, 
427032 , 
427112 . 
426658 . 
426693 . 


190334 
410230 
473751 
137196 
191656 
575114 
97573 1 
934065 
792984 
426564 
□94011 
□74765 
120443 
646206 


674D829 
6741450 
6740512 
674 1347 
6740350 
6741190 
6740102 
6740942 
6739902 
6740660 
6739757 
6740446 
6739805 
6740296 


.182370 

.225784 

.456591 

173035 

.799071 

.052899 

.215815 

.636129 

.750231 

470503 

.005931 

491010 

.419177 

.912210 


1 3660,554532 

1 3109.940203 

2 3744.297990 

2 3153.724802 

3 3^| 


3 3 

4 3? 


4 t*3 IriWI tile 


* (J f * GJt 


0 


Ham 

Mwtfen 

lyw 

F5J4ML1 

1419 



1M1/M15 14:19 

fi (W 

rei 

Iirt31/W15 H19 

1 * am 

FH 

13/01/nil 1419 

frft w 

T53 

11AI1/201& Hfl 

Fine 

F54 

UrOLTOlS 1419 


tSS i 

imei/ni^ w ju 


F5» 

uyei/jois Mja 

fimei 

FSV. 

1VQU7Q15! 14JU 

rrM 



NAItiilafCtM 

“F£&" ■FS.Mm.1' •FS.UmJ 1 T*r TS r T S3* TS4 b TS5*" “F5S * 

l ,1 


Input data 
General 
C3 Mams 
^ Type 
& Template 
Lflietype 




FS„Wam„t 
Lines^ polygons 



Coordinate reference sy: 
Project CRS! 

File CRS: 


Resulting data range (approx) 
Xiang*' 

Y range. 

2 range: 

Unit conversion 


n(CHS) 



42 8993 22 432392 35 m 

673386177 6743492 69 m 

4004 2S 2300 00 m 


XY conversion' 


3 0 


Negate Z-vaki ms wfien mostly positive 


0 


J OK far all 


| * flK * ( 


Ou»| U-LUi trnia 


3EMWB SElOMn XW5&9 
MIHSl TlQS'Vj □ EHJ 9t 
jjasjs nciMD njflM 


2 


0 


Select Elevation depth 
domain template and Fault 
sticks line type 


Load format: 
CPS-3 lines (ASCII) 


, Coordinate reiertnct system information 


Nt> Spaflal companion have been delected Hie 6 r-pfr air-inr) inpvl ilea 
The mpmUUes wN >1 be imported using the upe-rried CR5 


«] 


Prn^eciCRS 

F4iCRS 


WGS_l»*_LmM_Zon*_31 N [EPSGi32631 1 
WGS J WtJJTWLZwe.JI N 1 



Fault polygons from ascii file (CPS-3) 


Fault polygons 

• Import "ALL" file using CPS-3+ lines (ASCII) (A) 

• Change the template as "Elevation depth" (B) 

• Change the line type as "Fault polygons" (C) 



Boundary polygons from ascii file (CPS-3) 



Boundary polygons 

• Edit ascii file to check format 

• Import all the files using CPS-3 lines (ascii) (A) 

• Change the template as "Elevation general" (B) 

• Change the line type as "Generic Boundary polygons" (C) 


[ E3 Bound fny_AlwynRcccrvoirEacl - WoidPndl 

|| Eich»&r EdihOn ^lichage 

Insertion Format 2 

|_5^ H SB A 

ES % 


42 9M2, 

431594, 
431594, 
432179, 
432210, 
43 I960 , 
432304. 
432210. 
432304, 
432335, 
432304. 
432273 , 
431772, 
431676. 
431491, 
431115, 
431115. 
430615 
430615 , 
430271. 
4299S9, 
429989, 
429592 , 
429499, 
429019. 
4292 30 i 


399111 

271211 
964570 
964S70 
322949 
605195 
349336 
450699 
605195 
450B98 
733125 
450696 
I S8672 
656953 
810273 
117991 
732149 
732149 
220430 
2204 30 
116914 
296602 
578926 
911836 
0 6564 5 
834699 
809297 
699141 


6745909. 107 i 95 
6746628. 594500 
6747504.491961 
6746503.466570 
6745627.568133 
6744563,978289 
6743437.923992 
6742043.464617 
6740966-54127*-- 
6738714 .232 19*** 
6737181.4113 94 
6735596.02 6 Lit 
673 5065. 51295' 
673 56 17. 3063 6 -1 
6736993,71901; 
6737494 .232 19S 
67302 13 . 7195DC 
6739099.61696; 
6739809, 1047SH 
67403 40. 999 67E 
6740072 . 69459' 
6741529.61793' 
6741811 , 156025 
§742074.746643. 
6743 4 37 . 923 99iJ 
6744657.823991 
6745346-03004' 
6745909.107 19* 


1 3163,926152 
1 3189-072608 
1 3395.650401 
1 3316.370546 
1 3286,847075 
1 3235.285997 
1 3259 . 670049 
1 3267.391615 


Input data 

General 

Mama 
# Typa: 
ok T amplate 
Line type: 


Bad_Qualrty_Araa_CPS3_Lmes asc 


Lmes/polygons 



Coordinate reference syslam (CRS) 


Project CR$ 
File CRS 


WGS_l S»4_UTM_Zone_3l N (EPSG. 33631 J 
WGS J 9&4_UTM_Zorw_31 U [E PSG. 3263 


a 


Other CRS. 


► » -• « 

■ 1 


• • 




6«j.eiMlini>™.CP51Jj«nH: 

HnJVWU 0*41 

90«ndJiy„Fer L 3IJ,tf^.Cre3.11neHK{ 

lUOl/Vill 1706 


1*05/3014 LhM 


Load format: 
CPS-3 lines (ascii) 



Resulting data range (approx) 

X range 426134 33 43379T 73 m 

Y range 673357543 674346665 m 

Z range: Q 00 0 00 rr 

Unrt conversion 


XY conversion. 


']a 


Megale Z values witien mostly posijiv^^ 


| V OK for al l j l^jQK | | A Cancel 


Select Elevation general template and 
Generic boundary polygon line type 



TWT grid points from ascii file 


Import surfaces 

• Import all the files using trap classic points (ASCII) (A) 

• Change the template as "Elevation time" (B) 

• Negate Z-values (see warning) 

• Check data consistency 


Ga r»ral 
H learns 

Tyf* 

ii Tempura 


01 A TwrtjF to ^picking i« 
PfllMJ 

itesa 


3 


U [mprKt f il? 


E 3 


R»girp«i dam 

i - O t 

fftxn 

- 0lA_Bcp_7wt_Firsij»dQngjsc 

i?a» 

Modilie ic 

0VO2/2O1S 13:22 

TjfP* 

ficlwr ASC 

Emplacements 

: fllb.SctjJwlJWlopiduSK 

05 mmii 1*23 

W-erASC 

reter.1i 

- ^DunlrtRr^Pktar^sc 

0S/fi2/2fil!> 1123 

Ficlw f ASC 

m- 

| - Q2b_Ounlin_Twt.AifloprctjK 

05/02/2015 1124 

RctarASt 

wm 

Bureau 

Load format: 

Irap classic points (ASCII) 




NomduKhw «nnAJcu_M.F Mf -flab. 


Typii tehtirt tan tlfrihc tHfria JASCKJf ^ 

tt 10 m 




(ME? U7M0 au+r J 
(771 7 UTS? 5- M089 
B 7771 U 7 IU ? 0«6 
ATMS UTO 5 Mft*? 
B. 7 MQ 14*230 S »1 1 
A 79 J 5 14 * 1 $ ft *S» l 




■ - 


Coordinate reference system iCRSj 

Project CRS WG3_1 584_UTH_ZonB_ll N (EPSGL32631] 
FVlCRS: VVG3_lS34_U r TM_Zone_3tN[EPSG,32&3 


Re;uhmg data iange (approx) 

Jtrsne* 437 J 9 S 96 m 


2nJng» 


673376SQ7 67434.3203 m 

JS 54 DC 359406 ft* 


- a 


2 conversion rffifte 


_ V Negate 2 -values w+KH' rnpj*y posi pve~^ ^ 

V OK fur ill j v QK j * Cancel 



TMiUJlM.iMbiWiWuWlhXKMtU 

Pict«iCR 5 WSS.l».LirMJj>*OiNfPSriJi65i] 

rucrra. wjgj»i i 'Liiw J r^jiNpWJ3im 


A Warning 

^ Negate Z values since in Petrel sub-sea 
depth and time values must be negative 



Organize project 


► Manage data the same way as on "Windows Explorer" 



► To insert a new folder in the tree 

• Right click in the input window 

• Select "Insert folder in tree..." 

• Rename it ("Settings" double click) 

• Drag & drop data 


j?* Import file 
KS< Tnsert folder in tree^ 

Collapse all folders (recursive) 
* * Expand all folders (recursive) 




I 0 Seismic 
ffl % □ Wells 

®Si □ D3_Well_Tops_Expfo,asc 
® Si □ Fagli_Sticks 


^ Dunlin Faults Polyq ALL 

0 □ Bad_Gualtty_Area_CPS3_Lines asc 

O □ Boundary_Foi_3D_Model_CPS3_Lines as 
0 □ Grid_Bounda ry_Fo r_Mapping_CPS3_L met 


* SO 01A„Bco„Twl_First_picking 3SC 

1 ® 5% □ 01b_Bcu_Twt_Autopick asc 
02A_Dunlir>_First_P«cking asc 

♦ □ 02b_Dunhn_Twt_Autopick asc 


4 III j > 


^4 tnput Models |^j$ Results Tempioles | 



k^! npul 


* y S3 Seismic 
$ % □ Wells 

t li □ 03_Well_TepsJExplo asc 

® J □ Faull_S ticks 

® £a □ Boundary 
® Ca □ iFauiLPp*V.qon 1 

♦ _J □ TWT_Gnd_Point 




Inpul '$/ Models [hgg Results TempJoles | 
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Quality Control - Surfaces , faults , wells and seismic 



Check that seismic surfaces and well tops are consistently matched 

* Display in-line, Cross-line and Horizon grids in the seismic block. 

* Control the matching between picking and interpolation, 

* Reporting analysis: Good/Rad matching between seismic and interpretation. 



IFPTraining 



Due to the great variety of Petrel import formats, a thorough QC must be performed on imported input data. 

Troubleshooting: 

• If the surface is a few hundred meters above themarkers -> Problem of Kelly Bushing reference? 

• If a marker is below the end of well trajectory -> Mismatch between Z and TVD? 

IFPTraining I 59 


MOO Source 





Save 

project! 

V / 


IFPTraining 




Alwyn static model 
architecture 

Structural and stratigraphic 
characterization and modeling 
with Petrel® 

Part 2C 



Summary 

► Alwyn static model architecture 

• Structural characterization 

• Structural modeling 

• Stratigraphic characterization 

• Stratigraphic modeling 


IFPTraining 



Structural characterization 
with Petrel® 

From Seismic (TWT) to Surface 
modeling (Depth) 

MOO Source 



Summary 


► Create surface with fault polygon 

► Convert TWT to depth surface 

► Create Brent by using Dunlin as reference 


/FPTrain/ng 



Objectives - Summary 



Stratigraphy ribbon 



Peirei E&P Software Platform 2015 - [New project] 


* Seismic Interpretation Petroleum Systems Deos-Kjn Support Structural Modeling Property Modeling Fracture Modeling Production 


^ New search 
Be Mew we*l filter 


Wen data managers - 


Ti m 

[ 1 

■ 

■f New folder 

5 New discrete log 

i 

h 

it 

& 

ta 

m 


£ 

m 

3b 

X-MCtion New Will 

New stratigraphic 

Chart 

Bj New chart 

1 New comment log 

log 

OS 

New wen 

Edit well 

s 

Matte 

Polygon 

11 1 

Enrich your 

Analyte 

edging section window 

Chart window 

editing 

1 Now column. 

• Log conditioning 

calculator 

& 

tops folder 

tops 

S3 

surface 

editing 

<2 

workflow 

well 

Cross-sectron 

Stratigraphic charts 

Manual logs 

Automated logs 

Well correlation 


__J 



Enoch 

Juxtaposition 


► Make surface from the seismic data 

• Settings for simple surface 

• Surface with fault polygon 

• Result 

► Eliminate the perturbed areas (clip points around faults & edges) 

• Convert seismic to points 

► Create the final surface 

• Display and color management - Smoothing 

► Organize the project 


/FPTrain/ng 



Steps for surface generation 


For this step we work in time 




Build simple surface - Make/Edit surface 



■ "Processes" panel "Utilities" menu select "Make/edit surface" 

• On the Geometry window, select grid: "02b_Dunlin_Twt_Autopick.asc" as main input (A) 

• Select "Grid_Boundary_For_Mapping" as boundary (B) 

• Select "Dunlin_Faults_Polyg_ALL" as Fault Center lines/Polygons(C) 

• Tick 'Automatic (from input data boundary)", Type in 50 as grid increment (D) 

• Name it "Computed Surface" (E) 

• On the Well adjustment window, select Dunlin Well top from (F) and select TWT Picked (G) 

• On the Algorithm window, Unselect Use Z value and Fill inside (H) and OK 



Build simple surface - Make/Edit surface 


■ "Make/edit surface" in Processes/Utilities panel 

• Copy the Computed Surface as Dunlin Surface 1 


input 


▼ $ x 


^ Zone ETR/E 

@ @ DUNLIN 

Sr 

P 14 0 Welt Utter 
T 0 Interpreter filler 


t*" □ Fauft_Sticks 
'CG Boundary 

O □ Gri d_B ou nda ry _F or_Ma pp in g_CPS 3_Li nes.asc 
0 □ Sad_Quality_Area_CPS3_Lines.asc 
0 Q Boundary_For_3D_Model_CPS3_Unes,a$c 
J 0 Fautl_Polygon 

|V] Dnnfm_Faulls_Polyg_ALL 
TWT_Grid_Point 

l* l 02b_Dunlin_Twt_Aulopick..asc 

*-*♦ O 0 1 A_Bc u_T wf_F irst_pic king a sc 
l** □ Q1b_Bcu_Twt_Autopick asc 
l*t D 02A Dunlin First Picking.asc 
9 Q Computed Surface — 



Input 

~©0 DUNLIN 

M Faults 
Others 

t> @ Well fitter 
> 0 Interpreter filter 

t> CiQ FaulLStieks 

* C“ □ Boundary 

0 □ Gr i d_B ou ndary_For_Mapp in g_CPS3_Li nes.asc 
0 □ Bad_Quality_Area_CPS3_Lines.asc 
0 □ Boundary_For_3D_Model_CPS3_Lines,asc 

* FaulLPolygon 

^ 0 Dunlin_Faulis_Polyg_ALL 

* TWT_Grid_Point 

0 02b_Dunlin_Twt_Autopick..asc 
1*1 □ 0 lA_Bcu_Twt_First_pi eking asc 
01b_Bcu_TwLAutopick. asc 
**; □ Q2A_Dunlin_First_Picking.ase 
fl □ Computed Surface 
© □ Dunlin Surface 1 


▼ J? x 


A 


!\ Warning : The Computed Surface buffer file is updated after each iteration: previous result is overwriten! 
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Check data consistency 



► Look around the faults and edges for perturbations (lack of data, seismic 
interferences, calculation artifacts, bad values...) 



If perturbations seem too important, you may ask the geophysicist to double check the picking in 
problematic/dubious areas. 
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Eliminate points in perturbed areas 






Clean up surface 

• Copy the previous file Dunlin Surface 1 as Dunlin Surface 2 

• Settings --> Operations 

• Eliminate Where -> Eliminate inside -> Select the polygon "Bad_Quality_Area_CPS3_Lines.asc" (B) 
and press "Run" 



Create final surface 



■ 


Extrapolate and extend the cleaned surface to fault polygon edge 

• Make surface 

• Change Main input as "Dunlin Surface 2" and use the same parameter as the one 
used to create Surface Dunlin 1 

• Copy, Paste and Rename final file as Dunlin Surface 3 
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Create final surface 


■ Smoothing 

• Copy ' Paste and Rename Dunlin Surface 3 as Dunlin Surface 3 SMI 

• In Settings -> "Operations -> Surface operations -> Smooth”. Type in 1 for smoothing level 
(1 = only one iteration). Smooth surface until it gets simple and nice! 




A 1 iteration is 
enough ! 


Raw surface 



Smoothed surface 
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Organize your project 



► All Dunlin surfaces using TWT data are now created 

Before continuing further, organize your input window: 

• Input folders in tree: 

• One folder with all polygons (should be already done...) 

• One folder with all surfaces TWT 

• Your project Input window should look like the one below: 


; Input 

^ Y @ Interpreter filter 

fr fc □ FauiLSikks 
'ED Boundary 

O D Grid_Soijnctary_For_Mapping_CPS3_Liiies.asc 
O O Bad_Quality_Aiea_CPS3_U mss asc 
O □ Bounds ry„Fof„3D„ModeLCPS3,Ltnes asc 
'ED Fauft_Polygon 

□ Ourdirt_Fautts_Pofyg_ALL 

* E □ TWT_Grid_Powt 

□ 02b_Dunlin_T wl _ Aulopi c k .asc 
"j □ OlA^BcuJTwLFirstjJickingaso 
Si □ 01b_Bcu_Twt_Autop[ck asc 
**; □ Q2A_Dunlin_First_PfCkirrg.asc 

> ngjjmpumd fU'ifJL' 

(Dunlin Surface 1 
JQ Duntin Surface 2 
Qojntin Surface 3 
SUiTin 

"TWT Surface 




Input 

9 X 

> (Zl Seismic 


*> □ Wells 


U □ 03_W e ll_T ops asc 


i'fO FaulLSticks 


» tD Boundary 


C" □ FaulLPolygon 


ST □ TWT_Grd_Poml 


El □ 1 TWT Surface! 
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M01 Dunlin TWT Surface 
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Convert TWT to depth 
surface 

Simplified procedure 

M01_Dunlin_ TWT_Surface 



Summary 


► Velocity map from well tops 

• Create a velocity attribute on well tops 

• Create a velocity map 

► Convert TWT surface to depth surface 

• Calculator 

• Match surface on well tops 
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Velocity map (1/3) 


Create velocity attribute on well tops 

• In Well_Top.dat right click on Attribute and select Calculator (A) 

• In the expression banner, enter "Velocity = Z*2/TWT_auto" (B) 
(Select formula elements directly in input list) 

• Select the template "Velocity" (C) 

• Click on ENTER : the new " Velocity " attribute is generated (C) 


T. 


0 


0B@ 

H Q Welts 

* $£ Q D3_Well_7 nps asc 

: A © l- ■ 1 1 

* 3 £) Strst [a 

© 0 ^ E^it global COtor fable 

Q Za 

©B bf 

^ Zo 
©@ N£ 

^ Za 
©SWE 

3jJ Zoi. Sort by names 
© 0 ET $■' Sort by property templates 

law* 

E? losert new attribute 

Omt/s 

■ *10 Wt#m*r 


Calculator 


totopse frecurtivel 

A 

! Expand {recursive) 

^ > 


Input I ft Coses ^ Templaleg 


A 



j Input 


* Attributes 

liQz 

tl O TWT picked 
t[ O TWT auto 
T O Geological age 
MD 

SO Surface 
■ O Well 
8 O interpreter 
t^O Confidence factor 
0* O Dip angle 
O Dip azimuth 
IAO Missing 
M O TVT zone 
IsFO TSTzone 
Uk£X Pfcerzation nu mber 
\jTp Velocity^) 


Alwoys leave "Well filter" ticked on. 
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Velocity map (2/3) 



Create velocity map from velocity attributes 

• Make surface 

• Clean Panel: Click on Result Surface (A) and delete 

• Yes (B) 


ln|H.l dliil a 

HmmuM lurlau 

B 



El QMMt '-■L-fti.-a 


CImji fcr rrupn inpi^ m PM 

m lid 
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Ml 1 
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im4i> JtF 
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OS Mn #-d poifcjn 


j Gtia tom **ta£*d 


Xrtnt- 0 

Yru O 


DRs 

El 


Lii 


■ StHF* 


Xmc 50 Vk 50 Hxtn 11x11 
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f SfOT**S Hi BY. o** atu mS VWl 


E Dsplrr «a*< ttf* 

1 


s flpfiv ^ 0* * Cm*) 
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Velocity map (2/2) 


Create the velocity map from velocity attributes 

• Select Well Top (03_Well_Top.asc) -> Stratigraphy -> 
Top_Dunlin as Main input (A) 

• Select Velocity as Attribute (B) 

• Select Grid_Boundary_For_Mapping (C) 

• Name it "Computed Surface" (D) 

• In Settings -> Info , replace icon with following: 

• Copy/Paste "Computed Surface" as "Dunlin Velocity" 

• Display the map in a 2D window or in a Map window 

• Adjust the color table on the selected map 



Velocity map 
(screen shot) 




, * inpul Sflfn Kfflwm 

Mjfrrtinpuj A J ^ DtMJN |^~| 

it Vvm 0 By 

r [J r r 

^^*^0 * j O C™j_&W«fcr r _Fc-_M 

Uu data ; 

boundary DoJjf Jd 

FauSefnie^ 

hnwTtHjImqru V . 
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Convert TWT surface to depth surface using velocity map 



■ Calculate the depth surface 

• Right click on "Dunlin Surface 3 SMI" and select Calculator 

• In the expression banner type in: 

"Dunlin_Surf_Depth_Tmp=Dunlin_Velocity_map*Dunlin_Surface_3_SMl/2" 

■ 1 ■ WM ■ 



Velocity = Depth / Time 
Depth map = Velocity map x TWT map/2 
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Convert TWT surface to depth surface using velocity map 


■ Calculate the depth surface 

• Select "Dunlin_Surface_Depth_Tmp" -> Settings 

• Modify the template as "Z elevation depth" 


Velocity = Depth / Time 
Depth map = Velocity map x TWT map/2 



Data in depth 
+ switch 
"Template" 
reference to "Z" 



IFPTraining 


Dunlin Depth surface well adjustment 1/3 


■ Create the velocity map from velocity attributes 

• Make surface 

• Clean Panel: Click on Result Surface (A) and delete 

• Yes (B) 




? AUtenwte iltom npin 

o Ui*J4*fe«4 SiHH i ll rai '*w WteiM it*, 

*“ « )2j 

m 

M I0H 

Vnuic 10® H*ighi |00fl 

£7: Rotated 

^ I Jtait 50 SO MedMZUtil 

Bowdwy 
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Dunlin Depth surface well adjustment 2/3 
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Dunlin Depth surface well adjustment 3/3 
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M02_Dunlin_Depth_Surface 
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M03_BCU_Depth_Surface 


Applications Hands-on 

• Create BCU_TWT_Surface (Same as for Dunlin but without any fault) 

• Apply the same procedure to BCU surface using "BCU Velocity map" 


»i 
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Use Dunlin top to build Brent top 



The reservoir top (Brent) is not interpreted (because not well visible) on seismic but it can be 
created by using the reservoir base (Dunlin) and via shifting operations 


To simplify data manipulation 
use the same fault network 
both for Dunlin and Brent 


A surface (Brent) is created from a trend (Dunlin) 

• Select Make surface (in ribbon) 

• Select Top_Brent (Well_Tops.dat) as Main input 

• Select Z as Attribute 

• Select Grid boundary_For_Mapping.asc in Boundary and Dunlin_Fault_Polyg_AII >le 

• Tick Automatic in Geometry tab (A) 

• In Pre-proc tab, indicate Dunlin as Trend surface (B) 




Clip Brent above BCU 



Copy/Paste 

• Copy/Paste the Computed Surface and rename as Brent Surface Depth 

• Copy/Paste the Brent Surface Depth as Brent Surface Depth Clip 

• Copy/Paste the Dunlin Surface Depth as Dunlin Surface Depth Clip 

• Select Brent Surface Depth Clip 

• Right click and select "Settings", "Operations" option 

• Select "Eliminate where", "Z > Surface (x,y)" (A) 

• Set "BCU Surf Depth" surface as reference surface (B) and press "Run" (C). The surface is now properly truncated 

• Redo with Dunlin Surface Depth Clip 
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M04_Surface_Depth 
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From seismic to surface modeling 


CXu 

► Surface quality mostly depends on: 

• Seismic quality 

• Resolution 

• Number of in-lines and cross-lines 

• Interferences that may occur along faults and edges 

• Seismic interpretation 

• Picking 

• Auto-tracking 

• Data processing 

• Accuracy in surface editing 

• Removing problematic/dubious points and artifacts 

► Surface operations can be: 

• Eliminating part of a surface: 

• Trimming inside/outside defined polygon 

• Clipping above/below defined surface 

• Smoothing 

► Keep as much information (points) as possible 

• If part of the surface to be removed seems too important, double check interpreted 
horizons with the geophysicist. 
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Structural modeling 
Hands-on 

-> Hands-on practice HOP #1 on Appendix 
documents: perform manual structural 
interpretation 

-> Back to Petrel after exercise 

M04_Surface_Depth 


Create a Model 



■ Create a Model 

• In Ribbon select "Structural modeling" (A) and in "Corner point gridding area (B), Define Model 

(C) 

• "Alwyn_moder (D) 



gJnpulft CaMi j&Ti 
: - ? Moduli 


Modehi p fr ftwulti L j Wofldtowi 


3P Define model 


Define model 


5 


Model name A*wyn|mod©i 


Apply 







J < Cancel 



Create fault from sticks 


From sticks to fault 

• Develop and select one fault, and use the right click to "Convert fault in fault 
model" 

• Type in 1 (for every n'th stick) and 2000 (for search radius) 

• Apply the same procedure for the following faults 




Type in 1 and 2000 for conversion values 
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Fault network refining 


Connecting faults 

• Select one fault and use the right click to see the 
fault menu 

• Click on icon (A) to edit the fault model 
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Fault network refining 



■ Connecting faults 

• Select two pillars to connects and right click on icon connect (A) 

• Choose OK (B) 
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IMl < CflMtrt to bon ft>m 
□ ZMjMy bull ««l*» in 4 JO * 



IFPTraining 







M06 Connected Fault 
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Pillar gridding 



■ Build the fault network grid 

• Select the boundary for the 3D model: " Boundary_For_3D_Model_CPS3_Lines.asc" 

• Right click and "Convert to grid boundary" 
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Pillar gridding 


■ Build the fault network grid 

• In Models panel select Faults -> right click and "Display the fault model in a New 2D window" 
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Pillar gridding 



Build the fault network grid 

• Adjust the zoom 

• Click on "Pillar gridding" (A), type 50*50 increment and tick the "Make zigzag fault" option 

• Click on "Apply" to generate grid (B) 
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Pillar gridding 



■ Build the fault network grid 

• Yes (A) 
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Pillar gridding 



■ Build the fault network grid 

• Active 2D window and select 
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M07 Skeleton Structural model 


■ Visualize the structural model 

* Select a 3D window and In "Model" tab click on "Skeleton" 

* Select "Faults" 

* Use the "Segment filter" option in "3D grid" to select the model compartments 
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Stratigraphic modeling 
Hands-on 

Hands-on practice HOP #2 on Appendix documer 
-> Insert a well section (correlation) 

-> Interpret RFT plots 
-> Back to Petrel after exercise 

M07 Skeleton Structural Model 


Create Top and Base horizons for the model 



Warning 




Modeled surfaces 

need 

to be bounded 

(closed) 



Horizon_top_Model = min(BCU,Brent) 
Horizon_top_Model = min(BCU,Brent) 


Only the Brent is 
modeled, not the BCU 
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Create Top and Base horizons for model 


Select one surface - Right click and calculator 

Enter formula 

• H top_Model = min(BCU_Surf_Depth,Brent_Surf_Depth) -> Enter 

• H_base_Model = min(BCU_Surf_Depth,Dunlin_Surf_Depth) -> Enter 


comma 
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JJ. 

& J 


*. 


■ ECUSwftW 


“ CDS 




■ OtaMt 

t r Cwjfp wrf»r**}|rtai, 

^Plfbdih 4 

I 4TDfljipi& 

IfrU F5I o c nl* mrtKi-rtD* 

inn>t n** (ttrOutl 

LtDfai* # CnmtntapQtoani 

^□rs» CttW 


2* N, 7 a B * *- 

- - - : : i a ■ [ • s : • * >i 

E* ,> ■ , r a a i . i ■ ( ■ o ; f 

- - > 0 u i 1 


HSES&BSE I 

^ ) i ** 1 1 * i m r * 1 1 * 1 1 1 i 1 ^ i 

- ^ - i 2 a < : o 

- - > I. □ 'I ii. • i ■ 


-PTraining 


M08a_H_model_Top_Base 
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Understand Petrel's vocabulary 
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Make horizons 


Create reservoir horizons 

• Select "Make horizon" (A) 

• Click on "Append item in the table" icon to display the number of horizons (B) 

• Import both Well tops (C) with blue arrows and Horizons (Top and Base) for the model in depth (D) 

• In "Faults" tab, change "Distance" parameter (i.e. fault plane extension in m) to "500" for the two major faults 
on both horizons, keep "300" for minor faults (unselect "Use default" to adjust values for each fault) 
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Structural framework 


Corner point gnddmg 


Grid edging 


GndQC 

Structure 

l 
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Hints for the table 


Hodion lype J Conform tg 

■V* -* & L, “ ' - 7 


Index 

B 

name 

Status 

Smooth 

iterations 

Use 

hodiDii- 

fautt 

line* 

Well tops 


Input tl 

1 m 

[brew _ 

J New 

0 

* Yes 

I <■ fcS BRENT (03 | 

RH 

[©H_1ap_Mod 

1 & 

[dunum 

■ New 

0 

i / Yes 

|. <■ (©DUNLIN (0 

S 

\.-z H_base_M 


jniLin i t I n_uncw m j 


Pautl mne 

Distance 

Displacement 

if Default for all faults 

300 

Smooth N 5. Hinge 

: *£ Default for Ouch fault 



dfr FS_Moin_i 

500 

Smooth N 5. Hinge 

FS_Main„2 

soo 

Smooth N 5. Hinge 

^FSi 

300 

Smooth N 5. Hmg* 

^F$2 

300 

Smooth N 5. Hinge 

•FS4 

300 

Smooth N S.Hmg* 

mr&u 

300 

Smooth N 5. Hinge 

fijj FSB 

300 

Smooth fJ 5 Hinge 


ii*©DurajN 




Make horizons- M08b Make H 






H TVO ■ ?-»fl-<5»fgP S ^‘B-|-> * 
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Make zones 


■ Create reservoir layering between horizons 

• Select "Make zones (A) 

• Select the interval to be zoned (B) 

• Click on the "Append item in table" icon to display the 
number of horizons (C) 

• Rename the zone and select the horizon type in column 3 (D 
& E) 

• Import the well tops in depth with blue arrows (F) 

• Select "Base Horizon" in "Build from" menu to specify the 
zoning from picked horizon (G) 

• Select "None correction" to represent BCU unconformity (H) 
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Layering - M08d_Layering 


■ Create layering in previously created zones 

• Select "Layering" 

• Select the division type (A) and number of layers (or 
thickness) for each zone (B) according to the stratigraphic 
model. Use "Follow base" to represent BCU unc 

• Use respectively 5, 2, 2 and 1 layer thickness in each zone 

• Note : Do not specify any "Reference surface" trend (C) 




rn 



[ 1 1 1 [ ***** i 
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Create empty property model 


■ Visualize the empty model ^ Create an "empty" 
property 

• In "Property modeling" select "Geometrical modeling" (A). 

• Choose: Property template "Facies" (B) and OK (C) 

• In "3D grid" Select "Facies" and "Settings" (D) 

• Click on the "Popos up global settings" icon (E) 

• Click on (E) icon to change facies color (F) and name (G) 


[S Geometrical modeling with Alwyn modefjGO _ fctfc Swj 
ij Wet* property 

I a 1$) Crtata hevi 

I / EdKtoiMSg 

C Regenerate name 

R Sesngi 

I Method 9 Consist value ▼ 



^Models 

J 30 grid 

^jjjj O Skeleton 

: Jfr □ Faults 

* S Horizons 

©□ BRENT 
m □ NESS 
m □ NESS J 

mn etive 

% (J DUJSIUN 
$□ Edges 
□ Intersections 

* ^ ® Properties 

* ® Facies 

1*1 h\ ( 1 

Si @ Zone fitterx> 1^1 
Segment filter 


V Apply 


FI 


4 Settings let Tion * 


S. Cato fy 3p |l£ V. 



lit* PtopeSj 




Heme Stratigraphy SOsmiC [ritwprel align Prtrglujrn SyUenti Peaupn Support Structural Mgdrt.ng 


9$ £ 21 


S Training enage 


Well log, D m tr*iO 
UpKlIing ana^n; modeling % Geometrical trend 

Pa:< pt%p*r anon 


ai c-< 

g Feel 

9 fletraphyj 

Property modeling Property intefpntat.* 


i ‘h 

;*Oulator Negu 


a m 

Contact* Volym* 


Uncertainty 4nd 
OfXimoaOOn 



Fracture Modeling PrcrttKl'cni Wri design 


& 9 SP 

SSruCtur* P«T«r?y 
Grid upscaling 


m <4 


|g Point editing 

, „ U Waste polygons 

Make Polygon 

turf. act ed.vng M Surface eAwtg 


Enrich yOvf 


Display empty model 



■ Display the Cellular model 

• In the panel "Model" select Properties -> "Empty Facies" (A). 

• In Ribbon select "Tools" (B) 

• Select grid line (C) or in 3D display window right click" 


^Models 

J © 0 3D grid 

> 1] □ Skeleton 

> E& □ Faults 

* ng Horizons 
m □ BRENT 
□ NESS 
® □ NESS.1 
4) □ ETIVE 
© □ DUNLIN 
$jj □ Edges 
^ 09 □ Intersections 
' SB ® Properties 
_3I ® Empty Facies 
si 0 Fitter 

> ss a zoi^ir^i 

S’ ® 0 Seg/7ii W 



Home Stratigraphy Seenwc tntefpretation Petroleum 5 yst 


Deosion Support Structural Mode* ng Property Modeling Fracture Modeling Product on Well Design 


F*WJ 

[k Settings 
P*r*rtt 
Setectron 


m s 


Zoom (0 H4#othor 
street objects 

Visua'i^anc*"- 


K 


© 


HI Adjust COldr tafcrlfr 
& Ecfa gfcfcal color tattle 

1 CoOr i*g*rvrt - 
Color table 


VptC»l*d only 
^ Ptoperty fitter 

T ID** 

Flier 


% 


a Property trtttfwetien 
0 player player 
Players 


iif. tl 

Histogram Virfognm 


9 

TVT 


9 i 

Attribute 1 Calculator 


Quality assu rance Operations 
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M09_Empty_Property 
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Generate geometrical properties 


■ ■ Laer.’ F 


■ Zone index property 

• Geometrical modeling -> Method "Zone index" (A) 

• Select "From all layers (K)" to code each layer (B) 

• Select "Layers" in properties model (C) 




• Above crnlnct 

• Cell fl-'ij't 

• Ceilhe.^l 

• Cell width. 

• Absolute w lelttfrve depth 

• Dtstonce la ■object 

• Cell inside ait 

• Cell volume 

o dec body modeling 
9 Connected volumes 
Q FkiM index 
Q FnuM and segment index 
9 LGR’rde* 

9 Segment index 
9 Wen index 


Tt» prapBrty lariipJ aS» hA xupmaScaDf b* vpdaim 
or cn*5»d rfneeSed banns on Tn 

a] Fwm 
£ FranuflznnM 

From M imw 4n hwaiohyi 
£ J Fipm Jd '^necnXl 



_ 9 Zone and segment index 
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M10_Empty_Grid_Control 
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3. Rock Typing with 
Easy Trace® 



Chapter 3 - Summary 

► Rock Typing ( EasyTrace ®) 

• Tutorial 

• Getting started with EasyTrace ® 

• HOP objectives 

• Hands-on practice 

• Non-supervised approach 

• Supervised approach 

• Petrophysical calibration 




Rock typing objectives - Summary 

► Getting started with EasyTrace ® 

• Use a dedicated software for rock typing 

• Use logs and integrated data 

► Non-supervised approach - Real case hands-on 

► Supervised approach - Real case hands-on 

• Understand mechanism of each approach 

• Choose suitable approach and cross results 

► Petrophysical calibration - Real case hands-on 
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Getting started with 
EasyTrace® 

Part 3A 



Contextual menu 


A 


Warning : Contextual menu and tools bar 
Change according to the selected window 




* NIB 
+ U 2 
a * N3 
B ^ N9 
e P Tables 
H * TABLEJ 

Data Runs Mop view 



El|Ut>^riph/g^ 1 (WMfc HZ) ; w \01t^A)wyriMfrd»inr - G * 



PH!H_C R 

0 1 0 2 1 
It-. 




W EasyTrace 


I File Edit Data Display Applications Help 



TASL£,1 : _\Q1BM 




irtijsh 1 fWril: M2) : 1 S^.Alw/n.^vJ^liny - □ X 

■ R 


0.1 o.z 


03_Wef-l_top5.ase 03_VU&ll_tops.asc 03_We! 

0 &£ i 0 0.S 1 0 


Create / Save survey 



• File -> Create new survey (A) 

• File -> Save survey as "EZT_Alwyn" (B) 





j/arny : tarmi 







Import well logs and markers 


Use "01_Getting_Started_EZT_Data" for first training 

Use " 02_We I l_Log_LAS" and "03_Well_tops.asc" and 
''Markers, prn" for project data loading 


• Import Well logs: Data -> Import LAS wells (A) 

• Import markers: Data -> Import -> ASCII Markers (B) 








Activate abacus 


To activate the conventional abacus, change NPHI unit from "anonymous" to 
"Porosity" 

Select the survey window (A) 

Edit - Well traces and units (B) 

Select well (C), Select NPHI log (D) 

Select define value unit as (E) 

Select Porosity (F) and apply to selected zone (G). 

Close. 




Porosity but NOT "Porosity %" 


9 l-uw! 


Defined Traces : 

DT Cm, us/ft) 

GR (m, API} 

NPHI 
PH IE 

RHO0 [m,g/em3) 
VSH (m. ) 


Define coordinates unit 
Unit: Depth [m; 

Close | Help 


^0 
tas : t J 


k d 


Apply to s^lecte^^^ces 

G 


Create a table 







Edit -> New -> Table (A) 

Type in the new table name (B) 
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Assign logs to a table 


• Edit -> New-> Variable definition (A) 

• Select GR (B) and click on "Add" (C) 

• Apply the same procedure for RHOB log. 

• For NPHI do the same but change the unit as "Porosity" 



Note : always select the following options -> 


ADD NEW VARIABLE 




Variable name : GR 


GR 

GR ^ [ B 

NPHI ^ i 

PHI* 

RHOB 

Vsh 



iterate unit ; 

Unit: Gamma ray (API) 


^0 


X s»n well data using the following options 

Pnofioc 

Values matching : 

^nrj^ # Any ti 
Confirm selected data : 

As needed Always 
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Assign wells to a table 


• Edit -> New -> Samples range (A) 

• Select the well N1 (B), tick "Using interfaces" (C), call 
Nl_markers.asc file in window (D), BCU in (E) and DUNLINin (F) 

• Click on "Add" (G) and "Close" 



Input well(s) 

N1 (3403, 3850.29) 


^0 





Create a synthetic log 



• Applications -> Multi-graph (A) 

• Click on "New" (B) 

• Select the well N 1 and logs 

- GR Click on "Add" (C) 

- NPHI Click on "Add" (C) 

- RHOB Click on "Add" (C) 

- Nl_Markers.asc Click on "Add" (C) 

• and "Close" 



[NONE) 
[0011 N1 


Select trtce le be added 


[NONE) 


mn 


[0021 GR 

[.0051 nphe 

[.004 1 RHOB 

[ 005] V*!l 

[.0061 PHEe 

[.007) Nl^MaitoMSC 


am ] | Replace 
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Visualize and manage colors, scale & traces 



• Select the log name and click on right button (A) 

• Adjust the color line and points by using "Trace attribute" (B) 

• Adjust the scale by using "Values view" (C) 

• Manage the track by using the tool bar located on the left side (D) 



Trace header... 
Trace attributes... 
Values yiew... 



Loe; ardponfE optioni 

(3] 

S] 

Urn 

i - 


i cm 

l~] Dron port] 

Pert l color 

m dskM-apert i v 

Portf ilybt 

vi 

Perti«*|wi[ ~j 


Kxi TRACE VIEW LIMITS 


MHieuii? • Mir Tend : [ -0.15 

MOxautt * Maxfnrf : 0.« 


* DyflJftltC ST* ML 


; D^l 

♦ 

\ O flKll 




5b 








V 



Replace track contents] 


<- Managing track menu 


Merge tracks 


Move track] 


Remove track| 


Edit trace | 


Limestone compatible scale -> 


Vtevu ApWeia ' 




Clip inpu tn mm-m®; 


LdfllanKlida 


Min- max flu*Lk mas 


OK ] OK d 

Help 


Proposed log scales 

GR: 0 200 

NPHI: 0.45 -0.15 

RHOB: 1.95 -> 2.95 


Do not forget to Reverse view limits 
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Markers color and size 



Adjust the markers color and size (A) and (B) 

Adjust the color line and points by using "Trace attribute" (B) 
Adjust the parameters on (C) 


U) itiyTroe 



Color filling between logs 


Select the Header (A) 

Right click, choose Trace attributes (B) 
Select the "Solid file" panel (C) 

Tick positive and negative values (D) 
Select log (E) 

Choose positive/negative fill colors (F) 



Trace header.. 
Trace attributes.. 
Values view.* 


EasyTrate f 
file Edit Display Run Applications Help 

os aa aa ^ t* 


m 22 



trace display attributes 


EH x 


Gewai interfaces Patterns vtr. 


X Pasrm^vahw^ 


X INgatnrt 







Positive fill COFOf I lygflOw . 

fill mtor H grtsfl l/\\ 
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Export the Graph Template for Hands-on 

& EasyTrace 

Fife Edit Display Run Application* j Help 

Amiable applications 



Q £? Q ® 


\ 

+ 

H 


$b 


V 


Correction graph- 
Trace smooining- 
Trace properties 1 

Signal simulator. 

Sonic log correction- 

Pore pressure prediction- 

AVA/AVOl 

Fracture AVAi- 

VSP™ 

Interval compulation., 

F >CA_ 

Electrofacies * 

Rock Type Classification,. 
TOC Estimation- 




* 


. ! I 


W APPLICATION RUNS 

Available MuHi-graph runs 


1 @ 



Graph 1 (Well: Nl) 

Open 




Rename 


Duplicate 


Delete 


Model: 


‘""“fe 


% 

Import 




New close Help 


*!► 
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Generate histograms 



• Activate the Table window (A) 

• Display histogram (B) 

• Select variable and sample range (well) (C) 

• Change the data range/number of classes (D) 





tfstapam definition, 


Q?tete samples 
Werk samples i 

Symbol,, 
label n. plots 
ynlabet m piots 
t^de samples 
Restcre sampler 


£ HISTOGRAM DEFINITION 


Enter new histogram defirtiori 

□ Oiigm: 10 

□ Slep 10 


0 : 20 


1 


OK 




| Canc^ 1 [ | 


IFPTraining 142 










Generate cross-plots (e.g. NPHI-RHOB) 


Create Cross-plots 


Fife £dit Compute 


AppBcattons Help 


£ok* scale 
Markers scale 
jjthp-facies scale 
v Display giick table 
Display variables ht 
Display ranges fct 
Sort variables > 

Sgrt ranges ► 

Ffctogram... 


Sample values "5 


Select variables 


WARNING! 

Do not select any 
"auxiliary variable" if you 
want to visualize 
electrofacies in a cross-plot 
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Generate NPHI-RHOB cross-plots 



Porosity and Lithology Determination from 

Formation Density Log and CNL* Compensated Neutron Log 

For CNL togs before 13&6. or labeled NPHI 






Display abacus 


• Only if, before you create your table, you change the unit for NPHI 
from Anonymous to Porosity (See slide "to activate abacus") 

• Select your NPHI/Rhob graph, "Display", "Options" (A), "Abacus" 
and select, Limestone, Dolomite and Sandstone (B) 

• Click on the "Full view" icon to visualize the changes (C) 


Display Applications 
Color seal e 
Markers scale 
LithO'facies scale 
Document style ► 
X view... 

Y view*.. 

Current view.. 

Aux. variable... * 


Label text > 



U) Display options [ 

General ftwjresson Confidence Curves Abacus 



OK 


Cancel 


Apply 


Help 



UJ Easy Trace 

File Edit Di 
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Results 





Save the display for Hands-on 


u> EasyTrace 

File Edit CompgK Display Applications Help 

□ fe B 
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Preliminary cross-plot analysis - Connect all plots - 1/2 



• Organize the plot as presented on (A) 

• Select the Multi-graph window (log) (B) 

• Display -> Marked samples... (C) 

• Select the Table 




SelMted [tibia : TABtE_l 


p i-“ - 
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Preliminary cross-plot analysis - Connect all plots - 2/2 



yj EiiyTrafe 

Fife Edit Ditpi*y Run Appitcitioro Help 

□ e> H 0 £} Q % fe 


Dynamic selection : Full interactivity between all plots 




Results 




: Gamma ray (API) 


NT Markers .asc 


ti 


22 

2 i 

2 

1 $ 


- i=i*J 


MuH-Bfaph/Gnph 1 : -WTMZT.AIwyn.rrS 

RHOB 
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Non-supervised approach 



1 - Create a new approach 


2 - Select the table 


File Ed Compute Display Run 


Applications 


I 

Ava£abfs appications 

Multr-^aph 

Cof region graph 

Trace smoothing 

Trace properties ► 

Signal simulator 

Sonic log correction 

ava/avo 

VSP 

Interval computation 
P. C A, 


Electrcrfacies ^ i | 



| [NONE] 


TABLEJ 


3 - Select the variable 




* Note : smoothing has a strong impact on the peak number and distribution 



5 - Display results to adjust 
smoothing* parameters 


Compute 


Tnputdata,,, 

flustering--- 


QjenstY estimation + mode mapping,. 




Assign samples... 
Store result,. 
Report,.. 




Q LAMg i,ti*r*i t4<YC4rt*i 




< 


« = ln if aw-t ' 


• K«™l 
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Estimated Density Function - Peak sample selection 


S l rtkMK TMli l) : 

Eitlmalton method : KERNEL 

EiUnuttan parameter* : Kamel typ*=Epar«ehni*ov, 5mwlhinga0.3 
Mode mapping parameter! . SmOothlngiD.-Ii 


£ 








N 

=1 - ~h 








A 








Select peaks on Estimated Density Function 

• Select the first peak sample on Density graph (A). Click the selected 
interval on the right and move the arrow to the left 

• Click on the "Show/hide code assignment" icon (B) in the toolbar to 
assign the selected peak sample a number and validate with "Apply" 

• Repeat the operation for the other peaks identified on the EDF (A) 

• Select the numbered samples in the Code bar (below); call the 
palette (C) on the side toolbar and assign each peak a color (D) 


1M0 S5W IJM »» 


IM 


S I ffcfcto: *1 : 


m 


EiUmatton method : KERNEL 

parameter! : Kern#! typ*=£pjnKhnlfcov,. JjnDalhlnijp*) 3 


OR 

B 


l 


If ::1\ i 


Apr* Clear 


tF» JJB HH 


m 


Attributes pale.,. 





+ X $ □ 
O A V ■ 

♦ AT* 


Eallmation method . KERNEL 

Eadma bon parameter* . Kernel typeiEpaneehnlltov, Smoothing 3 
Mode mapping parameter! ; 5nK>0(Hn ff .=fl,a 



Estimated Density Function - Peak sample extension 


File Edit 


Compute 


Display 


Input data... 
flustering, r . 

density estimation + mode mapping., . 



Assign samples. .. 
Store resufts, . . 
Report,., 




♦ Extend peak samples 

• Select Linear method (for classes with limited number of points) 

• Quadratic method will increase percentage but will also force rules 
(more uncertainties) 

• Note that statistics are meaningless for logs with less than 15 samples 
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Histogram analysis 



Description : 

This document lets you view and edit a given run (Le, instance) of the Electrofacies integrated application. The 
Electrofacies application is dedicated to the determination of the electrofacies with or without a priori 
information (supervised approach or non supervised approach). 

When running with no a priori information (the non supervised approach), the document lets you view the 
estimated density function. On this image, you will have to delimit the various apparent modes (see the above 
figure). The purpose of this operation is to assign the same electrofacies code to series of samples that lie in the 
same high density region. The samples that receive an electrofacies code are then used as the training population 
to build the assignment function with. 

Using this modes, or using an existing information (such as the lithology), it is then possible to compare the 
efficiency of various assignment functions, and then use one of these functions to assign an electrofacies code to 
other samples. 


The scores obtained by each assignment functions are represented by histograms showing, for each electrofacies 
code, the percentage of samples assigned to a different class (see figure below). 

A specific procedure, called the cross-validation, can be used to obtain a more robust estimation of the function 
efficiency When using this procedure, each sample is removed from the population before searching the class it 
will be assigned to. 



Indicate the level of assignment directly linked with the shape of the histogram 


IFPTraining 


Assign electrofacies - 1/3 



Assign samples 

• Compute -> Assign samples (A) 

• Select the table where assignment 
results are now available 

• Generate the histogram and use 

• Display -> samples color 


"MM* TASi£_l ; , AJEmETT.AJwyn.mS 


Com pute Display Run Applications 
Inpul data_ 

CiuJtenng- 

Density estimation + mode mapping. 
Assignment method- * 


sample ranges to be asagrwf : 
N1 (3J02J2. 3351) 



m 

GRJZT | NflHI | 

FIHOB | 

1 ttttriiOensily jtode TOppirvj (rami j 

Efades/NS N 1 facies predicted code (II 

1 Ml (3402.82, 3851) 


2929 2921 

2921 

2929 456 456 




AsSflmet* hmCOOn i 

» 

O Quatfi r MJ£ 

O r*an parametric (kernel. Epanedwikm) 

X Stowe Tucks predated code 
Store good ass^ment probabMUy 
Store desses prahabiHy 

Output bfttt ftftm* ; |EfoPHTM5Wl| 


Dwptay Applications H- 
Color scale 
Markers scale 
btho'laoes scale 
Document style * 
Frequency view. 
Variable values view... 
■Current view— 

* Frequency 
Sample count 

* Discrete dtstributiwi 




Assign electrofacies - 2/2 


Assign samples colors 

• Select the non-assigned samples (A) on the 
histogram to assign the peak color 

• See the result on (B) 

• Repeat the operation for other histogram 
bar (C) 

• Select histogram -> Display -> Sample color 




i 




i m m m im m hh tm ™ 






sen 





Connect all plots interactively 



Select Multi_Graph and Display -> Select "Marked samples" to visualize the results 
(A) 


gj Easy Trace 




Fully interactive 
analysis on 3 
connected plots 


File Edit : Display Run Appiicatwns Help 



MuHl-g»»phyGr*p»i 1 f¥ML N1J : AhryfkETS 

RHOB 

2 2.9 

J > < * > I ■ t . < 

N1 Jflarksrs^asc Nl_Mark«rs.asc Nl^JlarKers.asc 

r 0 5 t I " IS 1 t "Vs 1 

GR, MPHI ' PHIE " 


□ 

s 

H 

ft 


Color state 
Markrtt Kil* 
lHho'lKies state 

ittnfiulns- 


Edition inrfbuleit- 


KlK /HZ H l:hdi»_pfedkT«l.c«lt (1 OfcWs TAEL?. U - 1 * 




^ C mrent view- 

Addlwev- 

1% Add 

er 

£i Trace Header 


EfademfMS N 1 : facies_predic £ed_cod# (II : Eleclrcfides 


1% *wm*rtt*e**AK i tfcM* TA3U.1) ; 

^ ettimitlon method : KERNEL 

Estimation para meters : Kernel type=Epanechnrkov, Smooth! rrg=0 .06 
Mode mapping parameters ; Smootning^D 06 
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Real case hands-on 

Objectives 
Part 3B 


Hands-on session: Objectives and steps 


1. Load data set using all the available wells ("N" and "A") 

2. Build a multi-trace (composite) plot for the reference well N2 with the following log suite: 

• GR, RHOB, NPHI 

3. Create a cross-plot and connect all the windows for preliminary cross-plot analysis 

4. Perform a "non-supervised" clustering with the following logs on the reference well N2 (= 
master well) 

• GR + NPHI + RHOB 

5. Perform a supervised analysis via core-to-log correlation on the reference well (N2) 

• Use core description from reference well loading "N2_Lithofacies.las" 

• Assign the result to all the wells 

6. Compare and comment the results from both approaches 

• Spot the differences 

• Identify the best ones 

7. Select well N2 and import K_CORE and PHI_CORE from file N2_CCAL_Shifted.las 

8. Build a multi-graph (composite) plot for the reference well N2 with the following log suite: 

9. In multi-graph composite, add K_CORE and PHI_CORE 

10. Perform a petrophysical analysis for each facies 

IFPTraining I i6o 




Core description and facies identification 



► Core on N2 (reference well): 

• 266m cored (110m with images) 

► 6 facies identified: 

• 3 sandy facies with high reservoir potential 

• 1 silty/shaly facies with low reservoir potential 

• 2 other facies (shale and coal) with no reservoir potential 

• Lithofacies numbers range from 22 to 29 


1 | 26 Shale 


Claystone 


+ ■ 27 Coal 


I I 25 Silty shale 


Siltstone 


FT 22 Clean sandstone 
I I 23 Radioactive sandstone 
| | 24 Micaceous sandstone 

Sandstone 


File created in Excel 


After core description 

DEPTH 

LITHOFACIES 

3430.200 

26 

3430.400 

26 

3430.600 

26 

3430.800 

26 

3431.000 

26 

3431.200 

26 

3431.400 

26 

3431.600 

26 

3431.800 

26 

3432.000 

26 

3432.200 

26 

3432.400 

26 

3432.600 

26 

3432.800 

26 

3433.000 

26 

3433.200 

26 

3433.400 

26 

3433.600 

26 

3433.800 

26 

3434.000 

26 

3434.200 

26 

3434.400 

26 

3434.600 

26 

3434.800 

26 

3435.000 

26 

3435.200 

26 

3435.400 

26 

3435.600 

26 

3435.800 

26 

3436.000 

26 

3443.000 

23 

3444.000 

23 

3458.200 

23 

3458.400 

23 

3458.600 

23 
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22: Clean sandstone 


3510 mMD 



a 

Cl) 

T3 

^Qj 

E 

CT) 

LO 

no 

I 

<N 

LO 

no 


23: Radioactive sandstone 



3444 mMD 


► Main facies in Tarbert (~ 55%) 

► Very low distribution in Ness (3% in Ness 2 and 8% in Ness 1) 

► A few meters in the upper part of Etive 


HIGH RESERVOIR QUALITY 




€ 

Q. 

Cl) 

T3 


^Qj 


E 

00 

Sfr 

no 

I 

K 

ro 


3445 m MD 








24: Micaceous sandstone 



► Second main facies in Tarbert (~ 30%) 

► Second main facies in Ness 2 (~ 15%); less in Ness 1 (~ 10%) 

► Not observed in Etive 

-> LOW RESERVOIR QUALITY 


1 N2I 

[Si 

5TVD1 

MD 


b OQGR EZT 1 00.00 1 

045 NPHI *r 

U5 



1-010 Vsh 

viol 


3485 - 

3487.5- 

3490 - 

*492.5- 

1:133 




1.9f 

S RHOB 

i 

:95 
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is 

E 
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UJ 
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Q 
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vzzzz 
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■ 



UJ 
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□ 
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3487 mMD 



25: Silty shale 


► Secondary facies only observed in Ness 

► F5 and F6 represent 15% of Ness 2 and 20% of Ness 1 

► High occurrence of F6 in Etive (66%) 

-> NOT RESERVOIR 




3670.5 m MD 
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26: Shale - 27: Coal 


► Second main facies in Tarbert (~ 30%) 

► Second main facies in Ness 2 (~ 15%); less in Ness 1 (~ 10%) 

► Not observed in Etive 
NOT RESERVOIR 



3650 mMD 



F9: Coal 


F8: Clay 



3651 m MD 
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Supervised approach: load lithofacies 



Load lithofacies 

• Data -> Import and select N2_Lithofacies.las and OK (A) 



EasyTrace m 




j|l 

/Nmtabie import formats , 

Export * 


Cultural data ... 

2. CSV plugs 

Wtll intorniattoru. 

3. ASCII Markers 

Move well locations. 

4. ASCII weii locations 

Well lroc« tod urtrtJ... 

1 


G> LAS import 




j^i Some of the selected wel Is al ready exists in the current survey... 
Do you want to append the log data to the existing weilfs 


{Select ‘No’ to create a new well tor each imported file 
or 'Cancer to ignore any duplicate well) 




< * Al 
+ AJ 

* A3 

* M 

* AS 
A Afi 

* All 

* HI 

* Hit 

* bis 

* HI 

& Wta leg Erac« 

41 or rn] 

« (SRiAKrtl! 

« NPMtimJ/mimJ 
‘ ftHOfl ml 

* VSHtmJ 

O PHK tmj/liilm] 
A UhttX AOB t ml 


(3653- 3654m driller depth) 





Add lithofacies to the table 



u> EasyTrace 


File Edit Compute Display Applications Help 


Variable definition... 


Delete..* 


Mark samples 


Symbol... 

Fades from symbol*.. 



Label in plots 
Unlabei in plots 


Hide samples 
Restore samples 


irvey 
Wells 
o N1 

♦ ni^ 

* mi 

TT* * N2 


N1 (BCU, DUNL 


U/ ADD NEW VARIABLE 


Variable name : LFTMOFACIES 



Variable unit ; 

Unit : Anonymous 


X Scan well dais using the following options 
[lame matching ; 


• Exact 

fjnefix 

values matching \ 

Selected unit 

* Any unit 

Confirm selected data : 

• ttever 

As needed Always 


s. 


Help 
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Supervised approach 



Ed IT Compute Display Applications Help 

a ^ ^ AvariaWe application s 

Multi-graph- 
Correlation graph... 
Trace smoothing... 

Trace properties 
Signal simulator.. 
Sonic log correctioru 
AVA/AVO... 

Fracture AVAz... 

VSP- 

Enierval computation.,. 
PC^U 



Tbbte TABLE. 1 : .. A02.EZT.D^>.G»«\tmp.FTS 


1 - | □ 1 x I 



rr 

Gft 

NRHI 

woe 

AINING.KMPJ 

U. QUISI UN} 

■ 

2923 

2915 

2915 

179 


Electrofades input data 


ntegrated EasyTrace application, 


Oata centering & reducing J 
X Mean = 0 

X Std, dev* = l 


variables : 

Samples ranges : 

'A prion' code variable : 

GR 

m7- ] E 

* 

GR 

NPHI 

A A 


NPM 

RHO& 

A5 <-> -) 


RHOB 

LITHOFACIES 

A6(- p ) 


UTHOFACIES 


A3 {-. -3 

NIC-*-] 

N14 } 

N18 £-, -3 

E 

Lwa_c- u 




“ 


Cancel 


Help 


IFPTraining 





Assignment method selection 


File 


Edit 


Compute 


Display 


Input data. -, 
postering, r . 


Cfenstty estimation + mode mapping- - , 



Direct validation : 


X Linear Quadratic Non parametric 

Cross validation : 

Linear Quadratic Mon parametric 


Parameters for the non parametric function 


A prion probabilities of classes i 

* Identical Proportional to class weight user defined : 



Class code 

Samples 

Probability 

i 

22 

36 

0167 

2 

23 

47 

0167 

3 

24 

30 

0167 

4 

23 

23 

0167 

5 

26 

30 

0167 

6 

27 

21 

0167 


Sum of probabilities = 1,000 

OK Cancel Help 
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Assignments 



|u> EasyTrace 

file Edit Compute display (tun Applications Help 



Datasets with a limited number of points 

-> Use linear method 


Sy Samples assignment |rf:4a[ 


samples ranges to be assigned : 



AssjgmenUuntfib n ; 

O Quadratic 

O Non- parametric (kernel, Epanechnikov) 



Only in well N2 first 


X Stare facies predicted code 
Store good a segment probability 
Store classes probability 


Output base name : Efaaes/S l 


Help 


Cancel 





Results - Assignment report 



iw*tabu.i : (m*) 



5 

<5ft 

| nphi 

RH08 j 

LllHOfAClES 

taoes/S l:iaci« jiredicled.cofle dm 

M ■) 

■ 

20i4 

2054 

2034 

0 

0 

A? -) 

■ 

1904 

1904 

1904 

0 

5 


■ 

i 

1904 

1904 

0 

0 

A4 -3 

■ 

3965 

1935 

3965 

0 

0 

A5 ■} 

■ 

2716 

2322 

2B22 

0 

0 

A6 £’. -3 

■ 

2020 

2020 

2020 

oj 

£>i 

AS £ J . J 

■ 

1563 

1561 

1563 

w o| 

Nl(, 0 

■ 

2194 

2189 

2169 

6] oj 

NHh-1 

. 

13S0 

1352 

1362 

o 


NIB l-.-J 

■ 

1279 

1230 

1260 

0 

0 

N2 1’. ) 

■ 

WM 

1401 

1401 

107 162 

NJ(, > 


21S5 

2066 

206* 


NSH-.-l 

■ 


1303 

129J 

| o] i| 


Datasets with limited number of points -> Use linear method 

Generate a histogram and check if points assignation is 
consistent with respect to the geological descriptions 
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Display results in color 





Display 


£,otof scale 
Harters scab 
Lithe-fades stale 


Document style 


Frequency view.,, 
Variable values view , . . 
Current view... 


* Frequency 
Sample count 



Propagate the supervised 
approach results to non-cored 
wells 

Compute Assign samples 
-> Select all wells 
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Supervised approach summary: "Lithofacies" 


| Clean sandstone (EF-22) 
Radioactive sandstone (EF-23) 
Micaceous sandstone (EF-24) 
Silty shale (EF-25) 

Shale (EF- ) 

| Coal (EF-27) 



-> Start the Petrophysical calibration HOP with Easy Trace 



Petrophysical calibration 
for rock tvoes definition; 


Porosity / Permeability form core 


• Load Petrophysical core data for well N2 "N2_CCAL_Shifted" (A) and (B) 

• Select your table and Integrate PHI_CORE (D) and K_CORE € in your table 






*3<w i wnO B0ml*c>M_ew<t' 

HMtot 



Uf CAS import SB] 

© Some ol the selected wells already exists in Ihe current survey,, 

Do you wanl to append (he tog data to the anting wdKi) ? 

(Select W to dealt a new well lor each imported file 
or Xante!' to ignore any duplicate well) 




140 


0 



Edit CofTlputc IXspUy App^icttiom M^p 



UnUbd m pfott 


WlHis 

+-m 


M«3c u?npta 


+* N14 


niKtdrr^tjmpiri 


♦* HU 


II ' 



Porosity / Permeability diagram from core 






Select the table and click on the XY diagram icon (A) 
Display the Y view with logarithmic scale 


File Edit Compute Display Applications Help 
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Display statistical distribution (Regression line) 



• Select the XY diagram icon 

• Compute - Add trend curve 




Histogram porosity from core 



• Select the table and click on the histogram diagram icon (A) 

• Select PHI CORE and well N2 


File Edit Compute Display Applications Help 



U> new histogram 


'Ef 63 




X aas variable : 

Au»1iary variable (lithology, fades, ...) 


GR 

ISIPHI 

RHOS 

UTHOFACIES 

■(W«qU<|cie5_predicted_code (lin; 

Iphlcore 1 

Efades/S Hades jjredicted^code {lin 

K.CORE 

<1 _ 



Selected samples ranges : Histogram of : 

A3 -> b. 

A4 -) 

A5 C-. -) 

• Samples 

Flanges : Min ( - 


AS( h -) 
AS ^ -) 

NlK-> 

N14 (*. 

Um 


I I 


tteip 
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Display statistics and Gaussian law 



Select the table an click on the histogram diagram icon (A) 
Select the legend box and select "Gaussian law" 


Display Applications Help 
Color seal e 
Mari?** scale 
Lilho-tecies scale 
Document style * 

Frequency view.. 

Variable values Yiew., 
Current viewu 
* Frequency 
Ss mple count 
Discrete distribution 
Sample color stacked histo. 
□ Aux. variable stacked histo. 








Display statistical distributions (Gaussian) 





Applications Help 


Color scale 
Markers scale 
IHhtHaates scaie 
Document style 
Frequency view- 
Variable values view- 
Current view,. 

* Frequency 
Sample count 
discrete distribution 


m Sample color stacked histo. 
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Petrophysical calibration 
Hands-on 



1. Perform the screenshots and prepare PowerPoint slides to summarize 
results for each petrofacies and rock type (see RT2) 

2. Use transparent paper to draw and discriminate the 6 petrofacies (i.e. O/K 
regression lines) 

3. Fill in the petrophysical summary table 


IFPTraining 


Method 



• Organize your window (Electrofacies histogram, Porosity core histogram and K-phi XY plot as indicated. 

• Select the Electrofacies from 23 to 27 and select -> Edit -> Hide sample (B) 

• Only EF22 points (in red) are displayed 


Jin _ ; - teat 

[rtf &W frwn* Jjrlp 


□ e □ a ^ a & 



Edit 

sdectioa.. 

HtetaframcteflnfttonH.. 

Eefete samples 


Hark samples > 

Symbol.,, 

Label in plots 


Unlabel in plots 


HkJe samples 


Restore safnples 
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Method 


Hide all samples that do not seen representative of this class (A) 
Write the parameters for Phi and K in the table (next slide) 

Copy and paste on a Power Point slide (screenshot) 

Select Edit -> "restore sample" 

Repeat the process for electrofacies (A) 



Edit Display Application 
Data selection... 

Histogram definition... 

Delete samples 
Mark samples * 
Symbols 

Facies from symbol.,. 
Label in plots 
Unlabel in plots 
Hide samples 


/FPTra^ 


Rock type 2 = RT2 



Select Histogram: 

Display -> Legend box -> Statistics 

Display -> Options -> Laws -> Draw Gaussian law 


d Histogram : PHIh_c (Table TABLE_1) 


Select Cross-Plot (K core vs Phi core): 

Compute -> add trend curve -> Show equation in 
legend 


X-V Dtopvn : PHI CWC / K.COftE (Wat* TAUI.U 



HIv. points- ?« 
Htntnmm- 4j474»79 
MaxEimitn- 0 asm* 
Anngr- 0,182902 
Sid. 4 *v. - 0.4287123 


3 


PHlh_t ; Anii iiym qhs |m] m3] 


1 


n 

frend curve : ( 

rT 

| = 0.0371891 1 X + 1088 



- . _J 
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. lV) \- * • 
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PHLCORE : Foroiity (%} 
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ijR_EZT : Ganiinii i.iy |< 
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HPMI r Anoiiymiiis (ml m3] 


rr~ m — t~t 


Naming 


Petrophysical result summary table 
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Clean SS 

Radioactive SS 

Micaceous SS 

Silty shale 

Shale 

Coal 


EF22 

EF23 

EF24 

EF25 

EF26 

EF27 

PHI min 

0.11 






PHI max 

0.22 






PHI mean 

0.16 






PHI Std. Dev. 

2.63 




- 

- 

(K) = 

10 (a*PHI+b) 

a = 0.087 

b = 1.088 

a = 

b = 

a = 

b = 

a = 

b = 

a = 

b = 

a = 

b = 

y = f(x) = ax + b 

IFPTraming 

Rock-types 

Rock-typing is... 

► During a conventional study: 

• After comparing with cores from others wells (if available), merge electrofacies and/or 
lithofacies to define Rock-types 

• In this simplified case study, each Electrofacies defines a Rock-type 


Rock Types 

RT2 

RT3 

RT4 

RTS 

RT6 

RT7 



Clean SS 

Radioactive SS 

Micaceous SS 

Silty shale 

Shale 

Coal 



EF22 

EF23 

EF24 

EF25 

EF26 

EF27 
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Assign Electrofacies to other wells 


• In the "samples assignment" window, select linear assigment 
function -> OK 

• Select -> Compute -> Assign sample 

• Select all the wells and write Efacies/S 2 in the output base name 

• OK 

• A new column was created with the result in the table 


til Sample* assortment ITS 



Assigment function ; 

• Linear 

O Quadratic 

O Won- paramedic (fcwnri,, Epanethniicov) 

X Store fades predion code 
Store good assigment probablilrty 
Store desses probability 


Output base name : Ef&oes/S 2 


OK Cancel Help 
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Display global assignment results 



• Create NPHI/Rhob plot with all the wells 

• Create a histogram for the column "S2 facies predicted code » 

• Select the histogram window and display the sample color 



usz 

1210 


|w E«yTri« 

[lie id'l CisplJV ftpp liucmi 

0 £> Q ® £ a & 


a 


EfidtUS (an) Etecdofsd** 




Display global assignment results 


• Adjust the color of the histogram bar 


E'K Idit SpfUiwmOiH gets 


" o e> □ a 3 a a 



Create Rock-type column 

• Select the Table 

• Compute - User formula 

• Write the formula and output variable name 

• The result is displayed in the table window 



asyTrace 


Edit 

Compute Display Applications 

Centering Be reducing.., 

User formula^ 

P 

Merge variables to well logs™ 

Save variables to wel l logs™ | 


User defined variable ( TA 01 E _1 > 


i_E3 


Available variables : 

QR 
NPH) 

«HOS 

UTHOFACIES 
Efactes/S lrfaciesjpredicl 
PHLCORE 
K.COKE 
Efscies/S 2:fades_predici 


Selected variables : 



Output vanaWt same : | 




Tub+e TABLE_1 ; (new) - n]x] 


)RE 

cies/S 2:faciesj>redicted j code ( 

Rocktype 


A1 <-, -) 

0 

2034 

1904 

A2 (-, -) 

0 

1904 

A3 -> 

0 

1904 

1904 

A4 ~3 

0 

1985 

1985 

AS -} 

0 

2716 

2716 

A6 (~ p 

0 

2020 

2020 

A9 (- p 

0 

1563 

1563 

m Ci -3 

0 

2189 

2189 


N14 {* *, -) 

0 

1350 

1350 

* 


0 

1279 

1279 

* 

4 


•It 



U*lp 
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Supervised approach summary: "Lithofacies" 


Rock-type values range between 
2 and 7 


UTMOfAOES CTfctafe TABLE, 1 ) 



5 

L 

H 

Well 

Sample coord. 

UTHOFACIES 0 

20376 

■ 



M2 

368M 

25 

20377 

■ 



M2 

36306 

25 

20373 

■ 



M2 

3638,0 

25 

20379 

■ 



M2 

3639 

25 

20339 

1 



M2 

36B9.2 


20331 

■ 



M2 

3639.4 


20332 

m 



M2 

3689.6 


20333 

m 



M2 

3689.8 


20384' 

m 



M2 

3690 


2038S 

m 



N2 

3690-2 


20386 

m 



M2 

3690.4 


20387 

» 



M2 

3690-6 


20383 

• 



M2 

36m 


20389 

■ 



M2 

3691 





3433.&OOOS 0 

3434 . 00000 6 

3434.19995 6 

3434.39990 6 
3434 . 60010 6 

3434.00005 6 

3435.00000 € 

3435.19995 6 

3435. 39990 € 

3435.60010 6 

3435.00005 6 

3436.00000 6 

3436.19995 6 

3436.39990 6 

3436.60010 6 
3436.80005 5 

3437.00000 4 

3437.19995 2 

3437.39990 2 

3437.60010 2 

3437.00005 3 

3430.00000 3 

3433.19995 3 

3438.39990 3 

3438.60010 3 

3430.00005 3 

3439.00000 3 

3439.19995 3 

3439.39990 3 

3439.60010 3 

3439.00005 3 

3440.00000 3 

3440.19995 3 

3440.39990 3 

3440.60010 3 

3440.00005 2 

3441.00000 2 
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Generate a rock-type log 



• Select the Table 

• Compute - Save variables to well logs 

• Select the Rock-type and all the wells 

• The result is displayed in the Survey window - The Rock-type log is now available for 


export 


i> EasyTrace ■ [Survey : (new)] 

i File Edit j Data Display Applications Help 


asy Trace 


Edit 

Compote Display Applications 

3 _3 

Centering 8c reducing.., 

User formula-. 


r? 

Z Save variables to well IoqsJj 



□ 0 a £ £ S 

3 


1 jfr jSurvgy ' 


B A Wei I? 

B « A1 

a & Well log traces 

* DEPT (m r m) 

* DT (us/ ft, m) 

° GR {API m) 

* NPHkm3/m3,m> 
° RHOB £g/cm3 r m) 

* Rocsctyiw Cm) 

a * A2 

a & Weil log traces 

* DT (us/ft m) 

* GRLAPlm) 
o NPHIOlfiAnim) 

* RHOB Cg/cm3, ml 
Rocktype (, m) 

a * A3 

a * m 

a * A5 

S + A6 

0 4 AS 

a » wi 
K * Nl4 
IS * M18 

a * N3 
a * m 
B □ Tables 
a * TABLE. l 
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Export rock-types in "LAS" file 


- h 

Export Rock Type log 

• Select the Survey window 

• Data -> Export -> LAS wells 

V J 


■ EasyTface 



EXPORT WEULS TO 1 LAS FILES | | fri'M 


Select wells : Available [races : Selected traces : 


A5 

- 

GR CAPL m) 

" 


Rocktype C,<n) 

A6 


K„CORE (mft ml 




A9 


UTHOFACIES (, m) 

n 

* 


Ml 


NPKI 



HIA 


PHIE 




tilt 


PHLCORE (%. mj 




H2 


RhOB {g/cm3, m) 


|V 


N3 

— 

Rocktype C m) 



i — i 


m 

— 

]VSH Cm3 





OuOpul file options 



Data export opbut 

s 


Null value : 



D Banal format : 

{general 

T Praaston : - 

* J 

Canwl 

Help 






Chapter 4 - Summary 


► Properties modeling (Petrel®) 

• Sedimentological modeling 

• Rock type modeling 

• Facies modeling 

• Petrophysical modeling 

• Fluid modeling and volumetries 

• Towards flow simulation (upscaling) 
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Modeling with Petrel® 
Populating a static model 



Summary 

► Rock type modeling 

► Facies modeling 

► Petrophysical modeling 

► Fluids modeling and volumetries 

► Towards flow simulation (upscaling) 

► Final results presentation 



Load Rock-type log from Easy Trace survey 



■ Input Tab must be selected 

■ Import file using "well log" (*.LAS) format (A) 

■ Panel "Match files and wells" - OK (B) 

■ Import well log window: 

• Select specified (C) 

• Choose "Facies" (D) 


Retarder dans J, K^RorkType 


Emplacements 

resents 


- at * 


3 

BrtJlfltlWQiaK 

t 

Ordinatcur 


tom 

Mcxhlit It 

- EtoclctvcK_Al.ias 

13/01/2015 17:33 

- Rch£k3ype_A2.l*i 

13/01/2015 17:33 

- RockType^/G.las 

13/D 1/2015 17:34 

: Ftodd¥pe>4.las 

13/01/2015 1734 

EtockJype_A5.l» 

13/01/201517:34 ; 

: ftoc!dyRe_A6J«. 

13/01/2015 17:34 

- ftocklype^.la* 

13/03/20 15 17:34 

- Rchdtlype^NIJas 

13/01/2015 1735 

Rdcktytw_NJ4fls 

13/01/2015 17:35 


- Ftocidype_M3Jas 


Bocldype_N9Ll35 

tfwJi -t»i by u«na 

* 

U WMn™. 


Horn du Ikhtei 


-Rgcki. / p*_NieiM--R«k 


* 

Frte example^dMtJipOgn 


TypMdetn:hrt« WaJtw* Merril l 


^ e Q‘ ule 


Tins kiadw supports LAS 1 2 . 2.0 and 3 0 The following sample n taken It 
The odraa siandaids are described in tie Help memref 
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Define the facies color 


■ Visualize "Rock-type" 

• Develop Global well logs 

• Right click for settings (A) 

• Select the icon (B) 
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Define the facies color - Mll_Rocktype_Loaded 


Visualize "Rock-type" 

• Develop Global well logs 

• Right click for settings (A) 

• Select the icon (B) 
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Scale up well logs - Most Of 


Upscale facies from well-log resolution to grid resolution 

• Select "Well log upscaling" in the Property Modeling ribbon (A) 

• Choose "Rocktype" log in the "Select logs" window (B) 

• Choose "Most of" average method (C). "Most of " (most represented value) and select wells "All" (D) 

• Select "Neighbor cell" (E) 

• Rename "Rocktype" property as "RT_Most_Of" (F) 



The method generally used is "Neighbor cell", 
the result is only changing for highly deviated 
wells (C) 
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Through cell 
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Scale up well logs - Mid point 



Upscale facies from well-log resolution to grid resolution 

• Select "Well log upscaling" in the Property Modeling ribbon (A) 

• Select "Create new" (B) and choose "Rocktype" log in "Select logs" window (C) 

• Choose "Mid point pick" average method (D) and select wells "AN" (E) 

• Select "Neighbor cell" (E) 

• Rename "Rocktype" property as "RT_Mid_Pointf" (G) 
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Scale up well logs 


Visualize the results in "Models": 
Properties, Most_Rocktype (U), 
Mid_Rocktype (U) [Upscaled] 


Raw data 




Scale up well logs 



■ Observe the differences 
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Scale up well logs 


■ Use a histogram to determine the best algorithm for upscaling 

• Select RT property and settings -> histogram 

• Use the zone filter and select Tarbert, Ness 2 and Ness 1 (A) 

• Click on filter (B) and Unselect "For zone" (C) 

► To control if the chosen algorithm is representative of the well log data: 



-> Evaluate the impact of upscaling 
-> Go back to layering 





• Create different properties with different algorithms and compare the electrofacies proportions with the initial proportions. 

• If differences between "Upscaled cells" vs. "well-log" bars are too big -> the algorithm is not representative and/or the layering is too thick, go back to 
"layering" process (Iterative process). 
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Scale up well logs 
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Upscaled logs QC 


M Sclctl new well Section window settings 
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Upscaled logs QC 

* Select window -> New well section window 

* Select input index and choose wells 

* Select Input -> Rocktype 

* Select model window 

* Select Properties RT_Most_Of and RT_Mid_Point 
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Upscaled logs - Clean your data 



® Upscaled logs QC 

• In Model panel select the Property you consider as the most reliable after 
your QC (RT_Mid_Point) 

• Rename this property as "RIM'' (RockType Model to simplify the name for 
calculation in Petrophysical modeling) 

• Delete the unselected property 
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M12_Rock_Type 
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Sedimentological 

characterization 

Hands-on 

-> Hands-on practice HOP #3 (Appendix) 
-> Back to Petrel after exercise 
M12_Rock_Type 



Pie-chart diagram - Facies percentage 


1. Create a new attribute to represent facies percentage by zone. 

• Right click on marker attribute in the input window and "insert a new attribute" (A) 

• Select attribute type as continuous (B) 

• Change template to "Fraction" (C) 

• Repeat 6 times (6 Continuous attributes are needed) (D) 
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Pie-chart diagram - Facies percentage 



2. Create a new attribute: 

• Select Continuous attribute (first one) (A) 

• Settings - Attribute operations tab 

• Select "To the zones": at level (B) 

• Select Facies log (C), average method as fraction (D) 

• Select Depth scale TVDSS (E) and Facies code (F) 

• Run (G) 

• Redo for the others facies (see the result on (H)) 
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Pie-chart diagram - Display 


3. Display the pie chart 

• Open a new Map window 

• Select "Well tops" -> "Settings" (A) -> "Style" 

• Select "Pie chart" (B), ("Pie chart" button is only active if a Map or an intersection window is open) 

• The lowest panel allows to resize the pie 
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Pie-chart diagram - Display 


4. Display pie charts 

• Select Attributes (A) and Zone (B) 

• Adjust the pie size in "well tops" -> "Settings" -> "Style" -> "Size -> "20" 
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M13 Pie Chart 
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From facies proportion to facies map 



■ Create Facies map 

• Property Modeling Ribbon -> Make surface 

• Fix "zone" "attribute" and "Boundary" as shown below 

• Rename resulting surface 
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• Select "Convergent interpolation" method with a clipping Z-values at - 5/5% 
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Trend maps for facies modeling - Tarbert 




Clean SS 


Radioactive SS 


Micaceous SS 


A No maps computed for Silty Shale, Shale and coal. 
These facies are used as adjustment variable 
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Trend maps for facies modeling - Ness 2 




Clean_SS 


Radioactive SS 


Micaceous_SS 


A No maps computed for Silty Shale, Shale and coal. 
These facies are used as adjustment variable 
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Trend maps for facies modeling - Ness 1 



Clean_SS 


Radioactive SS 


Micaceous_SS 


A No maps computed for Silty Shale, Shale and coal. 
These facies are used as adjustment variable 
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M14 All Trends 








Variograms 


Characterization Modeling 



Vertical 

Proportion 

Curves 



Vertical Proportion Curves (VPC) 



■ The VPC is a geostatistical tool used to calculate rock type 
proportions based on well information in order to identify a trend. 
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WELL 1 WELL 2 



WELL 3 
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Data analysis: create a VPC 


■ "Processes" -> "Data analysis" -> "Property modeling" 

• Property Modeling Ribbon -> "Data analysis" (A) 

• To visualize histograms with upscaling results: unlock (B) 

• Edit VPC (Vertical Proportion Curves) (C) for each rock type and each zone 
by selecting "fit curves to histogram" icon 

• "Apply" to validate VPC and select same settings for other zones 
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Facies modeling - Settings 


Sequential Indicator simulation method for all zones 

• Select "Facies" in the Property Modeling ribbon (A) 

• Select the desired property upscaled as "Existing property" (B) 

• Select Tarbert (C), unlock settings (D) and select the algorithm 

• "Sequential Indicator Simulation" for all zones (E) 

• For each zone, select the facies to be populated according to the 
data analysis results 

• Click on the 4th icon ("Adjust to VPC result") to load VPC result (F) 

• Use the same settings for the other zones 
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Variogram: nugget effect 
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Variogram: Isotropic vs Oriented 
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Variogram: Azimuth 



Variogram type: Exponential ▼ 
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Tarbert facies modeling 


■ Sequential indicator simulation for Tarbert zone 

• Select your upscaled facies property as "Existing property"(A) 

• Select Tarbert (B), unlock settings (C) and select "Sequential 
indicator simulation (D) 

• Modify the variogram parameters (E) 

• For each facies (F) select the fraction trend (G) 
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Ness 1 / Ness 2 facies modeling 


■ Sequential indicator simulation for Ness 1 / Ness 2 zones 

• Select your upscaled facies property as "Existing property" (A) 

• Select Ness 1 (B), unlock settings (C) and select "Sequential indicator 
simulation (D) 

• Adjust variogram parameters (E) 

• For each facies (F) select fraction trend (G) 

• For Ness 2 copy Ness 1 parameters and paste on to Ness 1 zone (blue 
circle), adjust trends maps. 
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Porosity distribution functions 
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Petrophysical parameters & reservoir potential 




ETIVE 


/FPTrammg 


TARBERT 


3475 


NESS 
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3600 


3625 


Core data 

PHIc Kc 


Reservoir quality 
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Reservoir properties for high potential facies 


► F3: Radioactive sandstone 

• Consistent value distribution 

• Best porosity 

• Medium permeability 

-> High reservoir potential 

i • F4: Micaceous sandstone 

• Highly scattered values 

• Medium porosity 

• Lowest permeability 

Low reservoir potential 

► F2: Clean sandstone 

• Limited value scattering 

• Lowest porosity 

• Best permeability 

■) High reservoir potential 
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Reservoir properties for low potential facies 


► F5 & F6: Silty/Shaly facies 

• Limited value scattering 

• Lower porosity than high potential 
facies 

• Lower permeability than high 
potential facies 

No reservoir potential 


► F8 & F9: Shale & Coal 

• Limited value scattering 

• Bad porosity 

• Bad permeability 

No reservoir potential 
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Petrophysical characterization - Key points 


CXu 

BKh 

► Petrophysical parameter analysis helps to 
establish a more accurate hierarchy 
between each facies relative potential: 

• High reservoir potential facies: (F3) & (F2) 

• Low reservoir potential facies: (F4), (F5) & 
(F6) 

• No reservoir potential facies: (F8) & (F9) 

► It also helps ranking reservoir zone 
quality: 

• Tarbert is the best reservoir zone 

• Ness is a good reservoir zone, with a higher 
potential for Ness 2 than for Ness 1 

• Etive is a low potential reservoir zone, except 
for a few meters at the top 







Petrophysical parameter 
modeling 


Hands-on 


If any problem: Open project M16 Facies 



Petrophysical result summary table - From EasyTrace 



Rock Types 

RT2 

RT3 

RT4 

RT5 

RT6 

RT7 

LithoFacies 

Clean SS 

Radioactive SS 

Micaceous SS 

Silty shale 

Shale 

Coal 

ElectroFacies 

EF22 

EF23 

EF24 

EF25 

EF26 

EF27 

PetroFacies 

PHI min 

0.11 

0.127 

0.021 

0.02 


Cste = 0,001 



Cste = 0,001 


PHI max 

0.22 

0.248 

0.214 

0.14 





PHI mean 

0.16 

0.194 

0.141 

0.07 





PHI Std. Dev. 

2.63 

3.01 

4.36 

3.4 





(K) = 

10(a*PHI+b) 

a = 0.087 

b = 1.088 

a = 0.171 

b = -1.07 

a = 0.178 

b = -1.67 

a = 0.132 

b = -1.89 
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Porosity log (NPHIE) upscaling 



• Property modeling ribbon -> "Well log upscaling" (A) 

• Create new (B) 

• Choose upscaled log in the "Select logs" window PHIE 

(C) 

• Select "Facies" log as "Bias (D)" to keep the facies trend. 

• Select "Arithmetic" algorithm (E) 
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Porosity data analysis - Gaussian law for Clean SS 
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Porosity data analysis - Gaussian law for Rad SS 








• Use copy paste and adjust law 

• "Apply" 
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Porosity data analysis - Gaussian law for Mic SS 
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Porosity data analysis - Gaussian law for Silty Shale 




• Use copy paste and adjust law 

• "Apply" 
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Porosity modeling 


• Property modeling ribbon "Well log upscaling" (A) 

• Fix the same filters (Facies, Zones) than in "Data analysis" 

• Select "Gaussian Random Simulation Function" in "Method" except for Shale/coal where "Assign value" is 
recommended. 

• Select the icon "Use transformations from Data analysis"(B) except for Shale/coal (value is fixed at 0.001). 


Use the Gaussian random function simulation for 
Clean SS, Radioactive SS, Micaceous SS and Silty Shale 



Use assign value for shale and Coal 
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Porosity modeling 


• Select "PHIE" property 

• Settings and histogram 

• Settings Statistics 
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Porosity modeling - Adjust color scale 
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Use cut-off filter for QC 






Settlings for Properties 


Index tiller 


Compos lie Quality attnbutes Structural analysis 
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J Reset all filters 


| J &ppfy ] [ J Q& P Cancel 


• 3D grid -> properties (right click) 

• To make filter on a 3D grid and highlight a specific parameters combination only 


To see only cell with "Micaceous SS" 




It is possible to combine filters: 
i.e. Micaceous SS with porosity > 20... 
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Use cut-off filter for QC 


► It is possible to combine filters: i.e. Micaceous SS with 
porosity > 20... 
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Use cut-off filter for QC 


• To visualize a histogram on filtered data: 

• Select a property - Right click and "Settings" 

• Select Histogram (A) and click on filter icon (B) 
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Create Porosity and Permeability properties 



■ Create a permeability property 

• Property modeling Ribbon -> Geometrical (A) 

• Property template choose: Permeability (B) 

• Type in "0" as constant value (C) 
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Permeability modeling with a K/<f» distribution function 


Build a permeability model based on Rock-type 
(RTM) and K/c|) distribution 

• On Models tab select Permeability property, 
right click and select "Calculator" 

• For each Rocktype (RTM), enter K/(j) law in 
formula with "If" function and Enter 

• Repeat the operation with other Rock-types 


K/Phi transform: 

RT2: Log(K): 0.087*Porosity+1.088 
RT3: Log(K): 0.171*Porosity+1.07 
RT4: Log(K): 0.178*Porosity+1.67 
RT5: Log(K): 0.132*Porosity+1.89 
RT6: K=0.001 
RT7: K=0.001 


Formula to use: 


Property calculator for 3D grid' 
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Permeability = if (RTM = 2, Pow (10,0.087* Porosity + 1.088), Permeability) 
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Permeability modeling with a K/4> distribution function 



■ Choose a non linear gradient (A) 

■ Move cursor to adjust color scale (B) 

■ Max = 40 
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Fracture characterization 






Diagenesis characterization 



No diagenesis characterization in this case study 
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Fluid modeling 
and volumetries 

Ml 7_Permeability 


Net-to-Gross 



■ Build a Net-to-Gross variable 

• Create a "Net/Gross" property in "Geometrical " (A) 

• "Calculator" (B) 

• Type in formula: Net_Gross=if(PHIE<0.06,0,l) (C) 




N2G is based on the Porosity model. All the cells with 
Porosity > 6% are considered with NTG = 1 
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M18 Net2Gross 
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Create the fluid contact - 1/4 



■ Define a WOC: first step for volumetric calculation 

• Select "Contacts" (A) 
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Create the fluid contact - 2/4 


Type in WOC name in "Create new" Enter 
Alwyn OWC (A) 

Choose "Contact type": "Oil water contact" 
and remove other contacts in list (B) 

Set WOC @ Z = - 3231m (C) 

Press "OK" 

The result appears at the end of "Models" 
tab 

Develop "Fluid contact" item; double click 
to select contact surface color and 
transparency level 
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Create the fluid contact - 3/4 



• Select Oil water contact (A) 
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Create the fluid contact - 4/4 




• The result appears at the end of the "Models" 

tab. 


• Develop "Fluid contact" 

item; double click to 

select the contact 

surface color and 

transparency level. 
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Water saturation 


Create properties 

• Above contact (distance between cell and OWC) (A) 

• Water saturation (B) 


3 Geometrical model i up with ‘Akvyn model/ 3D - 

!H GeomelrtcsJ modeling wrttr Alwyn model/3D 

Moke property 


Make property 

P 9 Create new 



Q 9 Create new 
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% Net/Grass 


j/ © Edit existing Oil walet contact 


Regenerate name 


Regenerate name 





Method 

• Abcve canlacl » 


Method. • Constant value 

Property template 

j Jii Atxjve contact 


Property template Vaster saturation ’*■ 

C ' Constant 

-1000 
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o Contact 

[. Oil water contact 
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Data preparation 
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M20 Meter Distance OWC 




• Select the Oil water contact model (A) 

• Rename it as "Meter_Di stance" and adjust the color scale 
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Leverett J-Function 



• In petroleum engineering, the Leverett ./-function is a dimensionless function of water 
saturation describing the capillary pressure, 


J (S ) = 
v w 7 


P c (Sw) yjkjty 
y cos 0 


where S w is the water saturation measured as a fraction, pc is the capillary pressure (in 
Pascal), k is the permeability (measured in m 2 ), ® is the porosity (0-1), y is the contact angle. 
The function is important in that it is constant for a given saturation within a reservoir, thus 
relating reservoir properties for neighboring beds. 

• The Leverett /-function is an attempt at extrapolating capillary pressure data for a given 
rock that are similar but with differing permeability porosity and wetting properties. It 
assumes that the porous rock can be modeled as a bundle of non-connecting capillary 
tubes, where the factor -yjk/fy is a characteristic length of the capillary radii. 
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Water saturation 


J =a. 


Pc [K = a 

oCos($) \ <f> 


-p^gjz-FWL) [F 
oCos{0) \ <f> 


0.001 507 Ap h 


oCosd 

\ l 0 



Where 

Ap: Ib/ft3 Ap: (68-799-54.451)lb/fl3 

oCosfB ): dyne s/cm 26 



(feet) 


ft to meter ^ multiply by 3.2808399 


= 0 . 00272835 ^ - FWL ), 


K 

J* * 


(meter) 



Rocktype | 

J-Fitting curve 

c | 

n 

Swi 

Clean SS 

J=C.(Swr A n) 

0,23 

- 0,75 

0,08 


Radioactive SS 

J=C.(Swr A n) 

0,2 

- 0,9 

0,19 


Micaceous SS 

J=C.(Swr A n) 

7 

- 7,7 

0,33 


Silty Shale 

J=C.EXP(Swr.n) 

4,5 

- 0,7 

0,72 








Swi data source come from laboratory analysis 




l/n =-1.333 
1/n =-1.11 
l/n =-0.1299 


When J=C.(Swr A n) (Clean SS, Rad SS and Micaceous SS) 

l/n 


When J=C.EXP(Swr.n) (Silty shale) 


Smt = 


0.00272835(2 - 


In 


0.00272835 (2 - fWZ.). 


S «r = 


n 
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Water saturation 

• Select the water saturation model 

• Right click and calculator 

• Attach a new "water saturation" template (A) 

• Write each formula and enter (or load txt file with formula (B)) 



Water_saturation=if(RTM=2,Pow(0.00272835*Meter_Distance*Sqrt(Permeability/PHIE)/0.23,-1.333),Water_saturation) 

Water_saturation=if(RTM=3,Pow(0.00272835*Meter_Distance*Sqrt(Permeability/PHIE)/0.2,-l.lll),Water_saturation) 

Water_saturation=if(RTM=4,Pow(0.00272835*MeterJDistance*Sqrt(Permeability/PHIE)/7,-0.1299),Water_saturation) 

Water_saturation=if(RTM=5,(Ln(0.00272835*Meter_Distance*Sqrt(Permeability/PHIE)/4.5)/-0.7),Water_saturation) 
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Water saturation 



Water saturation 
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Adjust the Water saturation 

• Right click and calculator 

• Attach a new "water saturation" template (A) /!\ 

• Type in each formula and enter (or load txt file 
"Z_Clipping_Thresholds_Sw.prn" with these formula (B)) 


Wsat_dist=if(Meter_Distance=0,l,Water_saturation) 

Wsat_sup=if(Wsat_dist>l,l/Wsat_dist) 

Wsat_sup_inf=if(Wsat_sup<0,0,Wsat_sup) 


A 


0 < Water Saturation < 1 



Water saturation 


■ Select Wsat_Final 

■ Adjust the color scale 

• Reverse the color scale (A) 

• Change min and max (B) and (C) 


Q Settings tot Water saturation’ 
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OOIP calculation 



■ Reservoir model for in-place volumetries (HIP) 

• Select the "Utilities" panel and "Volume 
calculation" 

• Fluid zone index: select contact 


Models 


Sy 0 Wsat_$up_inf 
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OOIP calculation 


■ Reservoir model for in-place volumetries 

• "General" tab, select the computed properties: Net/Gross and Porosity (A) 

• In "Properties" -> "Oil" tab(B), select the computed property Wsat_Final 

(C) 

• Type in fluid properties as follows: Sg = 0; Bo = 1.64 (C) 

• Press "Run": the results automatically appear in a table (E) 




OOIP calculation - Volumetric report 
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Build a workflow 


■ Build WorkFlow Step 1 

• Select the Workflows panel (A) 

• Right click and "New workflow" (B) 

• Click on the "Auto generate workflow" Button (C) 

• Select "Repeat all calculations in the active 3D grid" (D) 


r tiwi * Tift 

' * CcHJfrt* Jrl (HOlTHWf} 

j ■ t tsjMnJ bH toltftn frwuruw) 


t~ Turn on visualization of each object in a selected folder 
□ Run the calculator on each of the zones in the active 30 grid 


Repeat all calculations on the active 3D grid 
Repeat all calculations on the active Case 
r4 Make a scaled plot of each horizon in the active 3D grid 
El Reproduce the summary data in the active function window... 

El Reproduce summary data in active function window: Add sumi 
El Reproduce summary data in active function window Set visible 
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Build a workflow - M24 WFL 


■ Build WorkFlow Step 2 

• The workflow proposes all the modeling step 

• Click on "Operation" and select Property Calculation(C) to create a line 
with the calculation expression used during the modeling step 
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Uncertainties and optimization 



■ Uncertainties and optimization Step 1 

• Copy /Paste Case to create Base_Case 

• Processes -> Uncertainties and optimization 


# Cases ▼ j? x 



> Processes * 4 x 

£ Fracture network modeling a 

£ Well engineering 

2 Simulation 

* Utilities fiT] 

& Make/edit polygons 
^ Make/edit surface 
m Make simple grid 
<§ Train estimation model 
^ Volume calculation 
3 $ Uncertainty and optimization 
§> Global grid coarsening 
® Make/edit annotations 
0 Find selection tool 

s Plug-ins “ 


^Process # Cases |ii Workflo. Windows 
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Uncertainties and optimization 


■ Uncertainties and optimization Step 2 

• Task: Uncertainties (A) 

• The workflow must be same as "WorFlow index. Use copy and paste (B) 

• Thick "copy properties" (C) 

• Test (D) 




Uncertainties workflow - Structural modeling 



■ Structural uncertainties step 1 

• Double click on "Make horizon" (A) 

• Select Uncertainties Index and change the seed value by "$SEED_MH "(B) 
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Uncertainties workflow - Structural modeling 


■ Structural uncertainties step 2 

• and change the seed value by "$SEED_MH "(A) 



Uncertainties 


■ Stochastic Uncertainties 

• Select Uncertainties Index (A) 

• Choose "Uncertainties Task" (B) 

• Choose a number of loops(B) 

• Run (D) 



Philosophies 

Mettre I'exercice du bouquin jungle ou il est montre que 
la moyenne des avis individuels produit un resultat plus 
juste. 


/FPTraming 


Uncertainties workflow - Facies modeling 


■ Stochastic Uncertainties 

• Double click on "Facies modeling" (A) 

• Change Seed value as "$SEED (B) 



50 Faciw modeling with ‘Atwyn madet/3D gcktf JWofkdow] jj£^| 

Make model Hints 

■ Create now 
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Uncertainties workflow - Variables 



■ Declare variable 

• Select the Variables panel (A) 

• Choose SEED variable (B) 

• Write $SEED_MH (for make horizon variable) and $SEED for geomodeling variable (C) 

• Choose a base value we propose 12345 (D) 





Uncertainties workflow - WOC modeling 


■ Stochastic Uncertainties 

• In the Workflows window (A) select "Uncertainties and optimization" (B) 

• Change the Seed value as "$WOC (B) 
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Uncertainties workflow - WOC modeling 


M25 UncertaintiesWF 


itiesW 



■ Stochastic Uncertainties 

• Select "Variables" (A) 

• Fill Base value, min (-3231) and max (-3229) for WUT and ODT (B) and (C) 
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Uncertainties and optimization 


M26 Uncertainties 100 



■ Uncertainties and optimization Step 3 

• Select the Uncertainties Index (A) 

• Choose "Uncertainties Task" (B) 

• Choose a number of loops(B) 

• Run (D) 
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Uncertainties and optimization 



To display the results 

• Open a new window named "Histogram window" 

• Select the result tab and STOOIP (B) 

• Select 3D grid -> Zone filter and right click "Toggle separate 
bar" (C) 

• Use Icon "Show CDF curve" to Cumulative density function (D) 

• Read Volume for P50 




Uncertainties and optimization - Table 


■ To display results 

• Select Case -> Uncertainty, 
variable on Speadsheet" (A) 

• Click on "Add column" (B) and 


Right click and 
select "Volumetric' 
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Uncertainties and optimization - P50 step 1 



■ Use a table to determine P50 Model 

• Select STOOIP (A) 

• Click on "Add "(B) and Close(C) 

• Click on column header to sort STOOIP 
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Uncertainties and optimization - P50 Step 2 


■ To display the results 

• Find Volume for P50 = 51.9 E+6 

• Base Case 91 is the P50 model. This model will be used for the 
next step (upscaling) 

• Pick and write values for $WOC, $SEED_MH and $SEED 



$WOC = -3229.18 
$SEED = 2050 
$SEED_MH = 4445 
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Uncertainties and optimization - P50 Step 3 

■ To display the results 

• Select the Workflow index (A) 

• Open "Uncertainties and optimization 1" (B) 

• Select Create New, and type P50_WKF (C) 

• Select "With copy" and "Copy properties" (D) and (E) 
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Uncertainties and optimization - P50 Step 4 


■ Sensitivity by variable 

• Select Disable for $SEED_MH, $SEED and $WOC (A) 

• Select "Uncertainty" (B) 

• Type 1 in no of sample (C) 
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Sensitivity by variable 



■ Sensitivity by variable 

• In the Workflows window (A) select "Uncertainties and optimization" (B) 

• Select "sensitivity by variable" (C) 

• Choose the no. Of sample (D) 

• Be careful the "no of runs" will be automatically modified (E) 

• Run (F) 



Time consuming!... 
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Sensitivity by variable - M28_Sensitivity_50 



■ To display the results 

• Open a new window named "New tornado plot window" (A) 

• Select the result (B) and STOOIP (C) 

• Select the case (D) and (E) created in the previous Step 
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Upscale grid for fluid flow simulation - 1/4 



■ Create a coarse grid 

• Open a 2D window 

• Processes -> Corner point gridding -> Pillar 
gridding 

• Create a new grid and choose l/J increment 
(300x300 m) (B) 

• "Apply" + "OK" ^ Yes (top & base skeleton) - (C) 
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Upscale grid for fluid flow simulation - 2/4 

■ Create coarse layering 

• Select Coarse 3D grid (A) 

• "Processes" -> Upscaling -> Scale up structure 

• The "coarse" grid is fixed as output: select "fine" grid as input (B) 

• Use the coarse grid parameters to fill in the table (e.g. 3, 10, 10,1) 

• OK 
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Upscale grid for fluid flow simulation - 3/4 



■ Upscale properties from a fine grid to a coarse grid for flow simulation 

• Processes tab -> Upscaling -> Scale up properties 

• Select the fine grid you want to upscale properties (A) 

• (B) Use the arrow to input the fine grid in the Scale up properties Panel 
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Upscale grid for fluid flow simulation - 3/4 



Upscale properties from a fine grid to a coarse grid for 
flow simulation 

• Processes Panel -> Scale up properties 

• Select the property you want to scale up (A) 

• (B) Use the arrow to input the Property in the Scale up 
properties Panel 

• Choose Porosity and Permeability for upscaling 
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Upscale grid for fluid flow simulation - 4/4 



■ Upscale properties from a fine grid to a coarse grid 
for flow simulation 

1. Highlight property on Scale up properties Panel (A) 

2. Select Porosity and Algorithm (Arithmetic) - (B) 

3. Select Permeability Algorithm (Harmonic) (C) 
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Upscaled porosity model - M29_Upscaled 
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Petrel basic functions - Toolbox 



► Display and color management 

• Solid coloring option 

• Contour lines coloring option 

• Grid lines 

• Color scale 

• Restricting contours 

• Restricting colors 

• Restricting scale (grid blanking) 


► Map editing/printing 

► Well section management 



Solid coloring options 


In settings 

• Select the "Solid" option in the "Style" panel 

• Select "Z-value" to color the surface by depth 

• Select "Specified" to color with a selected color in "info" 
panel 

• "Black" or "White" can also be selected 



Color 








Contour lines coloring options 




Without contours 


In settings 

• Select the "Contours" option in the "Style" panel 

• You can select: 

- The contour type (solid, stippled, dotted, stipple-dot...) 

- The contour incrementation 

- The contour color (Black or white, specified, as Z-value) 


With contours 
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Grid lines 



■ In settings 

• Grid lines can be displayed by selecting the "Grid" option in the "Style" panel 
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Color scale (1/2) 
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■ Change the color scale 

• Right click on the surface and select "color 
table" to access the "settings" panel 

• Blue arrows automatically select the max and 
min values (A) 

• It is better to use the predefined scale in 
order to compare surfaces (B) 

• Enter values to modify the scale 


B 



^ *** V OK rt 



IFPTraining 


333 


Color scale (2/2) 



► In order to compare surfaces and maps, it is important to keep the same 
display and color settings for all the surfaces 



Different map with different color settings 


Different map with same color settings 
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Restricting contours 


■ Select "Contour lines" in the "Settings" panel 


Full contouring high range 
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Full contouring low range 


Restricted contour range 
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Restricting colors 


■ In settings 

• Select "Colors" 

• Insert the limit for colors and increase color smoothing 
in interval without interest 


Full coloring settings 
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Restricted coloring settings 








Restricting scale (grid blanking) 


In settings 

• Select "Calculations" 

• Assign a value as boundary to cut the grid (here: - 3400 m) 

• Select "Eliminate where Z<A" 

• The grid below - 3400 m is blanked 
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A single "UNDO" only is available 
on this process. 

— ► Perform this workflow on a copy 
of the original surface 
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Initial "Map window" 






Map editing (1/2) 


Set up the paper format (A3, A4...) in which the map fits depending on the scale used 

• Double click on Mop window ® "g and select "Setup paper" (A) 

• Select right format (B) 

Set up the scale (1/50000) 

• Double click on s and select "Settings" 

• Tick fixed and set scale at 1:50000 (C) 
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Map editing (2/2) 


. 




Set up the Map window 

• Select "New map window" in Window 

• Extend "Map window 1" and "Map 1" (A) 

• By double clicking on any option you access the settings 

• In Heoder enter "map name" as Label and select "Use label as window name" (B) 

• The name appears as a header and window name (C) 
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Final "Map window" 



Changes: 

• Map name as a header 

• Paper format is A3 

• Scale is 1:50,000 

• Info box is smaller 
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Surface and map editing 




► Set parameters that will allow to compare maps and surfaces 

• Set scale and paper format 

• Set color scale 

• Use the same increments for all the surfaces 

• If too large: loss of accuracy 

• If too tiny: all the operations take much longer 
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Create a well section window 



■ Select "New well section window" on "window" Menu 

• The display window is empty (A) 

• A well section appears in the "window" panel (B) 
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Integrate well trajectories 


■ Select wells in the "input" panel (A) 

■ Wells appear in the display window (B) 
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Integrate well logs (1/2) 


■ 


Select in the input panel ( Global well logs) the logs to display in 
the well section (A) 


Double click on "Well section 1 window" and select the icon 
"Show well section template settings” (B) 











Integrate well logs (2/2) 


Select " Update current template” (A) 

Select the icon " Add new object” (B) j 

Insert first a new depth track, and select on the right window 
the depth scale (MD and SSTVD) (C) 

Same operation with the other tracks 
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Display logs 



Move logs order from "Settings for the well section 
templates" 

• Select the logs to move (A) and use up or down 
arrows to move into other log (B) 
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Merge two logs in the same track from "Settings for 
the well section templates" 

• Select the log to move (C) and use up or down 

arrows to move into other log (D) 
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Color options (1/3) 


■ 


Simple color underlying 

• Select log in the "Settings for Well section template" and select "Style" 
and "2D log" panels (A) 

• Select "Other" and change the color in the "Log curve" options (B) 






Color options (2/3) 



Color filling between 2 curves 

• Select the track title in "Settings for well section template" 

• Select the "Curve filling" panel 

• Add two lines (A) and select the curves in the "Fill edge" (B) 

• Select the colors (the example shows a standard choice) 
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Color options (3/3) 



Color filling with cut-off 

• Select the track title in "Settings for well section template" 

• Select the "Curve filling" panel 

• Add two lines (A) and select "level" and "curve" in "Fill edge" (B) 

• Enter the cut-off values (here 0.5) 

• You can also select a pattern in "Fill style" (C) 
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Display the results (1/2) 










the results (2/2) 
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HOP summary 


► Alwyn case study 

• Hands-on handouts 

• Structural characterization - [HOP #1] 

• Stratigraphic characterization - [HOP #2] 

• Sedimentological characterization - [HOP #3] 


Use the figures printed on Tabloid (A3) format documents 


